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1.0 SUMMARY

P1.1 Introduction

Under the technical guidance of the Naval Ocean Research and Development

Activity (NORDA) and the spnsorship of the Defense Advance Research Projects Agency

(DARPA) t,:e Gould Defense Electronics Division performed from January 1981 through

"" April 1983 under contract number N00014-81-C-0473 to design, develop and deploy system

elements of the Marine Se'ismic System (MSS). Herein is presented the final report under

the MSS contract which'documents and defines the system developed'and its implementa-
A

tion.

Elements of this report include:

F * An overview and summary of the development and deployment including

"accomplishments, lessons learned, and recommendations for future efforts;

* A description of the operational and functional requirements of the MSS;/ (r,.,¢,,ir)~~r

" K A descr;tion of all Gould~designed and fabricated equipment;

* A description of the .'et-Up,,Test and Operation requirements of the Gould

developed equipment;

* A dtscription of the system deployment and recovery; and

* A post-deployment performance analysis of the Gould designed equipment.

1.2 Background - System Study and Speci~ication (NO001-79-C-0490)

'In 1979 Gould DEDDperformed a fea 3ibility study of an ocean bottom system to

collect and record se'ismic and hydroacoustic daa., This effort was sponsored by DARPA

and technically managed through, their agent NORDA. This study encompassed numerous

trade-off analyses covering the topic areas: (a) Environmental Analysis, (b) Seismological

Considerations and Analysis, (c) Sensors, (d) Intra-System Communications, (e)- Data

Acquisition, Processing and System Control, (f) Satellite .Telemetry Systems, (g) Power

Sources, and (h) Ocean Engineering - Buoy System Design. Following this system itudy,

Goulo prepared the development specification for what nas been named the Marine

IV..
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- Seismic System (MSS). This specification was completed in late 1980 and served as -he,

3 cornerstone from which all system designs and developments were initiated.

1.3 System Design, Development and Deployment (NO0014-41-C-0473.i

- Based upon the existing technclogy, program time constraints, and funding levels

. the decision was made in late 1981 to pursue a system design consisting of:

a. A borehole seismometer and digitizer package;

; b. A bottom mounted data recording, power and hydroacoustic sensor oackage;

and

. c. A subsurface buoyant and acoustically activated retrieval and recovery

system.

rF System deployment would be accomplished utilizing the Glomar Challenger drill ship aid

- one support vessel.

The MSS system development team was formed and given the following tasks: (1)

• mGlobal Marine Development Corporati.--n would design and implement all iystems needed

to deploy the system; (2) Teledyne Geotech would develop the seiý.mic sensor, its

' associated electronics and pressure vessel and a siipboard data recording system; (3) The

*l Naval Civil Engineering Labor'atory (NCEL) would design the physical platform for the

ocean bottom electronics and the ocean bottom electronics retrieval system; (4) Gouid

Defense Electronics Division would build the hydroacoustic Fens•r, power system, all

ocean bottom data acquisition and recording systems and a shipboard data recording

- system; and (5) NORDA would'serve to direct, coordinate and facilitate ail team members

- and program activities.

The major elements of the MSS are. shown in Figure 1-1 with 'their physica.

-. cor•iguration shown in Figure 1-2. Those elements shown without hastured lines were

designed and fabricated by Gould. An artist conception of the system as deployed is

11 shown in Figure 1-3 with ihoto-raphs (and callouts) of the Bottom Processing Package and

* - the Data Transceiver Unit (DT,) portion of the Borehole Instrumentation Package (BIP)

Sshown in Figures 1-4A and B.

2,
.:.-•... ~~..-....=......... ..... .... .-...... _.-.":.-'' -.. "........--;•'
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"Design and development of all Gould developed systems began in January 1981.

By early 1982 the major electronic assemblies of the MSS vwere developed and integration

testing had begun. With integration testing complete by mid-summer all systems were

shipped to Japan and readied for deployment. The North Pacific system deployment

attempt began in the late Summer of 1982; however, it was aborted due to drilling

problems. Two problems occurred with the Gould equipment during this deployment

attempt: (1) the internal shorting and the 'subsequent violent destruction of one of the

- two Silver Zinc ba'tterie5 while the system was in Japan; and (2) the failure of MCD-75

- - tape recorder heads due to a 3M manufacturing problem (process control'. These

problems were corrected prior to the aborted system deployment. By the Winter of 1983

a second, deplo'yment was attempted with success; however, upon system retrieval it was

S-learned that data acquisition had abruptly terminated 40 hours, 16 minutes and 25 seconds'

into the mission. Post deployment analysis revealed a pressure failure-and massive short

in the primary battery cable. -The failure shorted the battery wires in the high pressure

connector and allowed water to penetrate one of the two battery spheres. All data

collected during the mission was turned over to NORDA 'for processing and analysis.

Table 1-1 provides a chronology of the system development and subsequent deployment.

* "1.4 Accomplishments and Lessons Learned (Recommendations)

* Although only 40 hours of seismic and hydroacoustic dan were collected with the

system fu'lly deployed, the MSS program can certainly be.called a success. The only majo-r

" "program failing was in the quantity of data collected. The GoUld deveioped electronics

provided the highest quality (i.e., highest fidelity and dynamic range) seismic and

* hydroacoustic data ever recorded. Furthermore, the data recording system employed in

the MSS was the largest capacity, remotely deployed and powered recording system ever

used with over 10 billion bits of storage capability.

o The important questions to ask, following the system deployment are. (l),What did

we do right, (2) What did we do wrong, and (3) If we could Start fresh, what would we do'

• . *.

-'. ",- -.-. :',. ".- , . : ~~~~~~..... .. . -. •.....- ........-.. ,.........-.........- . . ..... ' . . ... .
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"by the Glomar Challenger's schedule, ana b- "- he. windows needed to

£ drill the borehole and deploy the system). Other system 'testing short-

comings include:

- Minimal testing of the power system.

=0 Minimal pressure testing of the mechanical assemblies and no pressure
testing of late purchased spare assemblies;

2. System spares were not complete, which presented the deployment team

"with unnecessary problems;

3. Failure modes associated with the complete loss of one power sphere were

not contemplated, designed against, and therefore never tested; and

"4. The FSK telemetry used between the DTU and DARS presented the

deployment tedm with many )roblerns. Instabilities were observed in the

FSK telemetry once the'BIP was deployed and data was being taken aboard

ship. It is assumed that the! e instabilities arose due to temperature,

"-" pressure and/or tension gradients on the coax (i.e., data/power cable)

suspended between the BIP and the ship. As this level of instability was

never experienced previously we do not believe it existed once the BPP was

.- positioned on the ocean bottom and all cable gradients wvere removed. This

does however point to a system deficiency and one whictt should be designed

out' prior to future deployments. This can be done either by replacing the

BIP/BPP cable with a multi-twisted pair arrangement or changing the

ielemetry to~a Time Division Multiplexing scheme.

What we would do differently if we started the deve.!opment today:

I. Be realistic about testing requirements and not let the deployment ship

drive the schedule. The development schedule should allow for a minimum

of six months system level testing and should include a dry run of a full

mission (i.e., 45 days);

II

. . . . • .......................
• ° . -, ., m Ž • . z . . . . • • - . . ..

, •. . -. '" , . . - . , . ." ... , - , . . .. .; , ,'
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24 Select one contractor to be responsible for all system integration arid
II

testing;

3. Define and purchase all spare parts early in the program and fully test each

spare as if it were the prime system component;

-4. Spare the system to a more complete level;

5. All system elements to be exposed to ocean arnLieit conditions should be.

subjected 'o repeated, multi-hour pressure tests;

6. Reconsider the use of Lithium Thionalchloride batteries to power the MSS.

If from a density, cost and safety point of view they are a better choice

than Silver Zinc batteries, fight the political battle;

7. Re-partition the power design to allow for continuous system operation from

one battery;

8. Use, 16 bit CMOS microprocessor technology to control the system as

opposed to the 8 bit NMOS technology avLg;able in 1981. This will serve to

reduce power, size and simplify the system design;

"9. Use hybrid EDME, FIR filter and microprocessor circuits located near the

sensor. This will substantially reduce power and space requirements and

greatly simplify the telemetry requirements;

10. Design the system -to fit within a single pressure 'vessel. The use of Lithium

Thionalchloride batteries, hybrid circuits, and 16-bit microprocessors will

"reduce system volumetric requirements; and

11 . 1. Detailed mechanical and electrica~l improvements to the BPP and DTU

packages a,, defined in Section .6, paragraph 6.4, "Suggested BPP/DTU

Improveme.nts."

A summary of the above information is shown in Table .1-2.

.1
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"2.0 MSS SYSTEM DEFINITION -- I

The basic elements of the deployed MSS as shown in Figure 2-l, Seismic motion

is sensed and converted into a digital data stream by che Borehole Instrumentation

Package (BIP). The data is transmitted over a single Electro-Mechanical (EM) coaxial

conductor cable to the Bottom Processing Package (BPP). The BPP cont;ruously acquires

and stores the data in real-time for up to 45 days. A hydroacoustic sensor is alsolocated

on the BPP with its data acquired and stored synchronously with the seismic data. Power

"Ali to operate the BIP and BPP electronics is provided by two silver-zinc batteries located on

the BPP. The BPP is deployed and retrieved by the mooring system, which is referred to

as the Installation, Retrieval and Re-deployment (IRR) hardware. The system is designed

to operate in water depths of up to 6,000 meters. --

Gould DED's, support of the MSS 82/83 missions covers the design, development,

fabrication, testing, deployment and retrieval support of the:

e., Bottom Processing Package (BFP) consisting of a Data Acquisition and

"Recording System (DARS), Power Subsystem, Hydroacoustic Assembly,

"State-of-Health Communication Assembly, and junction box.

* Data Transceivc- Unit (DTU) located within the Borehole Instrumentation

Package (BIP); and

* Shipboard support equipment housed within the Portable Instrumentation

"Van consisting of the Test Equipment Rack (TER) and various related

peripheral equipment.

2.1 MSS Subsystem Configurations and Modes of Operation

The development of the MSS mission equipment required the capability of

configuring into various operational modes:

""- BIP Deployment/installation - Reference Figure .- 2. ,'he GEOTECH

Shipboard Test Console (STC) van was used to monitor the Borehole Instru-

mentation Package (BIP) during the BIP deployment, installation an~d verifi-

" -'t cation. Although the BIP contained Gould's Data Transceiver Unit (DTU),

the DTU was not activated or verified until the dual recording mode;

"' 14
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0 Dua! Recording - Reference Figure 2-3. Once -vie BIP was deployeo and

0! instailed, the Gouid and GEOTECH equipment was configured to record BIP

seismic data for five days. As shown, the GEOTECH STC acquired,

displayed and recorded data from the BIP electro-,mechanica'l (EM) cable in

,m parallel with the Gould equipment. The Gould Bottom Processing Package

(3PP) was used to acquire BIP data/status, transmit BIP commands and

p~oiide BIP power. Acquired BIP data was then passed by the BPP to the

Gould Test Equipment Rack (TER) for display and recording;

* BPP Deployment - Reference Figure 2-4. At the completion of the dual

recording mode, the GEOTECH STC was removed from the EM cable and

the BPP data sampling clock was synchronized to the shipboard WWV

"receiyer time. During the lowering of-the aPP to the ocean floor, tne BPP

transmitted state-of-health (SOH) status messages to the shipboard TER;

and

* Operavt.onal Mode - Reference' Figure 2-5. The BPP was pre-programmed to

begin the 45 day operational mode 4 hours after initiation of the BPP

n installation mode. The BPP was pre-programmed for a 45 day data acquisi-

tion/storage scenario. Under this scenario BIP se.ismic data/status, hydro-

acoust.c data, and BPP status were recorded on cartridge tape with

calibration commands periodically initiated to the seismic and hydroacoustic

sensors.

2.2 BIP Data Transceiver Unit (DTU) Function Requirements

T'wo of the goals of building and deploying an MSS were: to determine 'if the

. seismic signal-to-noise (S/N) as recorded in an ocean bottom borehole is higher than the

leve! recorded by a seismic sensor placed directly on the ocean bottom', and to record

Seisinic events for research purposes using a borehole sensor located on the oceanic Side

of ar,'" regional distances from a major crustal subduction zone (a trench system).

17
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To meet these goals, the Gould developed Enhanced Delta Modulation Encoder

* (EDME) was used to digitize each seismic channel and provide 120 dB dynamic range with

24-bit linear data sampling. This approach provided highly reliable,, consumed little power

and provided a compact configuration for digitization within the BlP-.

-. Frequenc Multiplexed (FM) FSK communications were used over a single EM

coax cable tosupply BIP commands, a 31920 Hz telemetry clock and power to the BIP;

and a 1024 Hz data rate clock, BIP status, three channels of 1024 bps mid-period data and

four channels of 10240 bps short period data from the BIP to the DARS. This approach

"" provided a highly reliable communications medium and allowed a minimum hardware

configuration in the BIP Data Transceiver Unit (DTU).

Figure 2-6 shows the DTU assembly as it was deployed within the BIP on t6~e Soaith

Pacific ocean bottom during the spring of 1983. A complete description of all board types

can be found in Section 3.1.1. The Data Transceiver Unit (DTU) contains seven Enhanced

r Delta Modulation Encoders (EDMiE): lour short period and three mid-period EDMEs. Data

from the EDMEs was transmitted via a low power Frequency Shift Key (FSK) telemetry

system over the 9 km coax cable, to the DataAcquisition and Recording System (DARS)

m located within the Bottom Processing Package (BPP). The DARS was designed to record

up to 1.3 billion bytes of acquired digitized data over a 45 day period. The entire MSS

system was powered from batteries located on the BPP sled. Specific DTU functional

requirements consist of:

• Three-component, short-period seismic data sampled in the 0.5 to 15.0 Hz

bandwidth at 40 s/s'with 120 dB dynamic range and linear 24-bit data

samples (redundant sampling of the short-period vertical channel, selectable

.- deployment time, it also provided);.

* Three-component'mid-.period seismic data sampled in the 0.05 to 1.5 Hz

bandwidth at 4 s/s with 120 dB dynamic range and 24-bit samples;

21"-2- .' .. '.' .
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0 FSK telemetry communications of synchronously sampled data between the

NIP and BPP over the 9 km coax cable;

*• Periodic sensor calibration via BPP control; and

*. Provide BIP generated status messages to the BPP.

- 2.3 Bottom Processing Package (BPP) Functional Requirements

The BPP sled was configured with one sphere containing data acquisition and

recording electronics, two spheres containing batteries, and hydroacoustic sensor assem-

bly, SOH surface communicator, and cable junction box. See Appendix A for photographs

of this equipment.

'The BPP spheres were configured to contain battery packs in two spheres and

DARS electronics in the third. Once the FSK data was decoupled from the EM cable,

". digital i IR filters were used to bandpass decimate the mid-period data to four samples/

second and the short period data to 40 samples/second. The Data Acquisition Z-&O

microcomputer acquired the various sensor channels from the FIR filters, formatted a

- one-second block and transferred the block to the data storage Z-80 microcomputer. The

"data storage microcomputer managed mass memory and 20 HCD-75 cartridge tape drives

for permanent long-term storage of the sensor data. A hydroacoustic sensor was also

mounted on the BPP sled which uses an EDME to provide a 10240 bps data stream to the

FIR filter which filtered and decimated the data to 40 samples/second.in parallel with the

seismic short-period data channels.

During the system development phase extensive system analysis was used to

select candidate hardware which would optimiZe system performance and allow for. high

system reliability, low power consumption and minimum package size. The resulting BPP

(and DTU) design requirements are as follows:

e
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o Timing Accuracy: Time sync to +50 microsecond of WWV 1.0 Hz at deployment time.

Maintain +20 msec of WWV over 45 days.

Date/time data time-tagging (DDD:HH:MM:SS) to +1 millisecond data
sampling accuracy between data channels.

Signal Dynamic 90 dB for Hydroacoustic (minimum) in the 0.5 to 15.0 Hz bandwidth
, Resolutiont with 0.0025% THD.

"120 dB for Seismic (minimum) with 0.0002% THD

"-" Synchronous SP-Z, SP-Z backup, N, E; MP-Z, N, E; and Hydroacoustic

-= sampling and digitization

Data Format: 16-bit Hydroacoustic and SOH data; 24-bit SP/MP seismic data

Sampling Rates:

Hydroacoustic 40 s/s single channel (1st 30 days only)
* Primary •SP seismic 40 s/s Z and Z backup channels (45 days, Z

Sensor or ZB)
" Channels SP seismic 40 s/s N, E channels (Ist 22.5 days only)

MP seismic 4 s/s Z, N, E channels (45 days)

Secondary BIP SOH data I s/m (received via BIP status)
Sensor DARS SOH data I s/m time mux (32 Ch max)
Channels

Each BIP/DARS SOH channe! to be stored once a minute with the
. .- DARS SOH channels defined as follows:

* 3 - Temperature'Sensors

I - Pressure Transducer

I - Primary Battery Monitor

2 - Relay Battery Monitors

8 - dc/dc Power Monitors

2 - ADC Status Monitors

9 - Spare Channels

, Data Storage:

Data Sampling Requirements

Bytes/Second No. Days

Time/Status/SOH 9 45
MP/Z/N/E 36 45
SP-Z (40 s/s,24 bit) 120 45
SP-N/E (40 s/s, 24' bit) 240 22.5
Acoustic (40 s/s, 16 bit) so 30

24
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Data Storage Requirements

22.5 days - 540 hours/38.18 hours per cartridge = 14.14 cartridge
485 bytes/second = 269 seconds/128 K DBM dump

8 days - 192 hours/75.66 hours peý cartridge = 2.54 cartridges
(245 bytes/second)

- 15 days 360 hours/112.28 hours per cartridge = 3.21 cartridges
(165 bytes/second)

(19.89 cartriages are required for 45 days.)

, NOTE

Shipboard recording for 120 hours to require 525 bytes/
second which includes MP-Z/N/E, bP-Z/N/E/Z Back-
Up. The system to record 9 bytes/second for four hours
of DARS deployment in order to record DARS SOH
data.

Storage Medium

- 128 k bytes intermediate data storage
- HCD-75 Controller Formatter (2 each, one primary and one backup).
- HCD-75 Tape Drives (20 each)

* i- 67.1 mbytes/cartridge, 1.342 billion bytes total

" Power: - 185 Watts maximum average discharge rate over 45 days

- DC/DC Converters 70% Efficient

if - Silver-Zinc Battery (25 cells per sphere, 2 each)

Sensor The DARS system to perform an automatic single or full frequency
"*. Calibrations:

calibration of the primary sensors at the beginning of every cartridge

O (when data logging is initiated on each' cartridge) as follows:

-Frequency
' Cartridge No. Sensor (Hz) Duration

01-20 Hydroacoustic 3 Hz Fundamental 60 seconds
Square Wave

. 2-12 BIP S-750 I Hz 32 seconds

.14-19 (Single Freq)

1, 13, 20 BIP 5-7450' 16 Hz through one hour
(Full Freq) , '.0078125 Hz approx.

Diagnostic DTU EDME Step Cal 10' seconds
Calibration

oL
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Environmental: Shipping -60 to +600 C 0-95% R.H

Staging +25 to +45,0 C 20-80% R.H.

Deployment +2 to +45 0 C 20-40% R.H.

Operational +2 to ÷100 C 20-40% R.H.
(DARS only)

Operational +'2 to 600 C 0% R.H.
(DTU only)

. SOH Surface

"Communicator: Transmit BIP and BPP State-of-He-jalth (SOH) status messages for 18

hours to the surface ship during BPP deployment and the initial ocean

bottom operational configuration.

- EG&G Seaiink Responder Model 321 and Shipboard Receiver

- Acoustic Coded Message (10 kHz, 2 bits/sec)

- Self-contained Batteries

SMechanical: - Ocean Bottom Seismometer (ObS) Spheres (3 each, one for elec-

tronics, two for batteries)

- Sled, 8 ft W'x 8 ft D x 7 ft H (Approximately)

- Total BPP Air Weight 8,500 lbs; BPP Water Weight 2,500 lbs.

/

p.
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3.0 GOULD EQUIPMENT SYSTEM DESCRIPTION

The MSS electronics supplied by Gould consist of the following major assemblies:

BIP Configured Equipment

. Data Transceiver Unit (DTU)

BPP Configured Equipment
I

"*• Bottom Processing Package (BPP) sled, spheres and mechanical assemblies;

0 DARS containing the Data Input Assembly (DIA), Data Storage Controller

"(DSC), and the Data Storage Assembly (DSA); see Appendix A, photographs

* A-6 and A-7

* Hydroacoustic assembly located on the BPP;

0 State-of-Health (SOH) communicator assembly located on the BPP and --

* Two silver - zinc battery packs located within two spheres on the BPP. See

"Appendix A, photograph A-5.

An MSS equipment drawing package is available for the above mentioned Gould

equipment.

3.1 B!2 Configured Equipment

3.1.1 Data Transceiver Unit (DTU) Component

The DTU is located within BIP pressure vessel'(Figure 3-1) and served as a seismic

signal digitizer and a communications interface between -the BIP electronics and the coax

cable. It used FM/FSK communications for transmitting BIP status and seven data

channels.

Board types, as shown in Figure 3-2 include:

. Switching Mode. Decoupled dc power from the shielding of the coax cable

to power electronics within each bay;

., BIP Status/SOH. Provided the functions of BIP status/SOH transmission and

EDME CAL generation. Four byte BIP status messages were transmitted

asynchronously to the DARS at 30u oaud with 16-bit CRC protection.

27
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9KM Coax Cable (CFP)

to DARS (GOULD)

Coax
"Cable

"Connector%

"via

Strain
Relief

"Coax Cable/DTU"upper Interface•-i ~Hoi elock •

HoBIP Data

STransceiver
Unit (GOULD)

DTU/BIP
BIP Interf ace
Instrun entat'ion

Lower
Hotelocic

Compass{

Shock
Absorbeer

Figure 3-1. BIP 'Data Transceiver Unit (DTU) Configilration
within the GEOTECH Model 53100 BIP
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The 51P command channel was used for control of DTU electronic anr~ BIP

sensor calibrations. For an EDME calibration, the DARS transmnitted an

"AA" Hex pattern sync code for one-second tc the DTU, which initiated a

ten secona EDME calibration via a CAL enable control line. The DTU CAL

generation logic provided a failsafe timeout to terminate the EDME CAL.

"BIP sensor commands, executed by the Geotech BIP electronics, consisted of

"a three byte command format.

0 EDME Encoders/FSK Transmitters. Seven EDMEs were used to encode the

MP-", MP-N, and ,MP-E analog channels at 1.024 Kbps with the SP-Z, SP-N,

SP-E, and backup SP-Z analog channels at 10.24 Kbps. A unique FSK

frequency pair was assigned to each channel and used to transmit all data

from the DTU to the DARS.

* EDME Telemetry Clock Receiver. A clock signal, synchronous with the

system clock was provided on the coax cable. This signal was used to

prov de the 8.192/31.92 Kbps clock rates to the EDMEs and supply a 81.92

kHz clock to the BIP calibration generation circuits.

3.1.2 FM/FSK Telemetry Communication Link

The MSS FIM/FSK Telemetry communication link consisted of 'FSK transmitters

and receivers located within the DTU and DARS assemblies respectively connected by the

9 km EM coaxial cable (Figure 3-3). Table 3-1 defines the cable frequency allocations
"used to transmit power, seismic 0. clocks, commands and status. The following

describes'each portion of the telemetry system.

* Power. The DARS power decoupler transferred the DC 130 volt power on

the coaxial cable to the BIP and H/A electronics;

* Telemetry Clock. -The DARS transferred a 81920 Hz sine wave from its

-master clock to the, DTU for SP/MP EDME clock input and a 40960 Hz

symmetrical square wave to the BIP seismometer electronics;

30.
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#10 AWG, STRANDED, 18/0.02314 IN. SBC,
WITH A NYLON CENTER FIL.AMENT

OPE, NOM WALL.= 0.081 IN. OD =0.279 IN.

RAID RETURN, 133 AWG SAC, 00 =0.307 IN.

IOPE, 0.030 IN. WALL OD = 0.407 IN.
(COMPRESSED0 =D 0.397 IN.)

* 6/0.059 [N. GXIPSý, RI-L OD =0.513 IN.

* 18/0.049 IN. GXIPS, LHL. OD =0.611 IN.

r ~~HYTREL SHEA TH, 0.040 IN. WALL
OD 0.692 IN.

ELECTRICAL. NOM CONDUCTOR DC RESISTANCE
*@ 20 0 C: @10 AWG: 1.08 OHMS/K PT

COAX RETURN BRAID-. 1.40 OHMS/KFT
VOLTAGE RATING: 2,500 VOLTS RMS
CHARACTERisTic IMPENDANCE: 40 OHMS (REP)
ATTENUATIO AT 500 KC: 1.4 DB/KFT

MECHANICAL: FILLED SHIELD: TEIMPLUBE BLKNG
COMPOUND

*BREAK STRENGTH: 2 1,000 LBS,
-- ,-wEIONT IN AIR: 462 LBS/KFT

*WEIGHT IN WATER, (SG 1.027) ,293 LBS/KFT

'TORQUE BALANCED DESIGN

*LEN'1GTH 9 KM%

Figure 3-3. MSS Electricat/Mechanlical (EM) Cable
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Table 3-I

FSK Channel Pair Allocations

-. BAUD FREQUENCY (HZ)
CHANNEL RATE (O Space) f (Mdark)

Da:a Rate Clock 1024 (1024 Hz Sine Wave)

. !o(1)BIP Command 300 2600 3100

MP-Z 1024 .8000 9024

MP-N 1024 12024 13048

NMP-E 1024 16048 17072

Power Switching(1 ) 20-25kHz
Frequency (Amp =.0.3 microvolt peak-to-peak),
Range

i BIP Status,(2) 300 26050 33680

SP-Z 10240 45000 55240

Telemetry Clock 8,1920 (81920 Hz sine wave)

SP-Z Backup 10240 107480 117720

SP-N 10240 142720 152960,

SP-,E 10240 179880 190120

NOTE: 1) BIP Command, Power and Telemetry Clock is received by the
DTU; whereas the Data Rate Clock, MP-Z,N,E,BIP status and SP-
ZB,Z,N,E is transmitted. by the DTU.

2) BIP Status' Frequency allows 300 (operational). to 7680 (dual
recording) baud rates.

32
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"" BiP Command. The DARS transferred, at a 300 baud rate, formatted BIP

3 sensor calibration commands or a fixed bit pattern to enable the EDM¶E

calibration circuit for ten seconds;

* Data Rate Clock. A 1024 Hz sine wave was sent by the DTU to allow the

DARS to synchronize the reception of 1024 bps MP and 10,240 bps SP data

streams;

* BIP Status. A formatted message sent by the BIP consisting of two message

sync bytes, four status bytes, and two CRC message protection bytes;

0 Seismic Data Channels. Each data channel was assigned a frequency pair

for transmitting 1024 bps MP or 10240 bps SP seismic serial data streami.

1 Note, the DTU always transmitted the primary and backup SP chann'i3;

* whereas, the DARS was configured at deployment time to receive only one

of these two channels, and that was to allow the recording of the best SP-Z

* channel data.

3.2 BPP Configured Equipment

3.2.1 BPP Sl•d-Mechanical Components

u Gould, DED fabricated. the BPP sled to Naval Civil Engineering Laboratory

(NCEL) supplied specifications and drawings.

The Bottom Processing P3ckage consisted of three aluminum spheres, (GFP

supplied by NORDA), mounted on an all aluminum platform structure which provided the

* means of terminating the electro-mechanical coaxial cable, the mooring riser line and

retrieval hardware' as shown in Figure 3-4. The total BPP assembly weighed approxi-

mately 4536 kilograms in air w,ith an estimated water weight of 1134' kilograms. Its

: oytside dimensions were approximately 254 cm x 249 cm x 224 cm (LxWxH). The entire

sled structure was fabricated. from 6061, T6 aluminum.' The three spheres were used to

* hoise the DARS electronics, and the two battery packs. Each sphere was constructed

,33
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from 7078 aluminum; each had an inside diameter of 92.7 cm on the vertical axis and 85.1

3 cm on the horizontal axis; a wall thickness of 5.08 cm; an outside diameter of 102.9 cm

and weighed approximately 485 kilograms in air.

"Also ircluded on the BPP sled was an ATNAV Transpon~der which was used for

locating the BPP sled during recovery operations, a hydroacoustic sensor assembly, a

cable junction box, surface SOH responder, and spring-loaded EM cable arm.

"3.2.2 Data Acquisition and Recording System (DARS)

The DARS electronics, as functionally diagrammed in Figure 3-5 and shown in

Appendix A, photograph A-3, was located within a single sphere on the BPP. It consisted

of three major assemblies:

3.2.2.1 Data Input Assembly (DIA)

The DIA provided a communication interface between the DTU and the Data

* Storage Controller (DSC). The following specific functions were performed by the DIA:

* . FSK Demodulation-' A Frequency Shift Keyed (FSK) demodulator was pro-

vided for each of the seven data channels in the BIP, with an FSK modem

was provided for the BIP command/status channel.

0 , * Finite Impulse Response (FIR) Filters - Two, multi-channel FIR filters were

implemented to bandpass limit, decimate,. and convert the serial bit stream

"output of the SP/MP EDMEs into 24 bit, 2's complement integer samples.

The MP FIR filter outputted 4 samples per second for each of the three mid-

period data 'channels. The SP FIR filter outputted' 40 samples per 'second for

each of the three short-period data c.air.rels and the hydroacoustic channel

(the hydroacoustic data.output was L6 bit, 2's complement integer samples).

Note that only one of the two short-period vertical seismic channels was

acquired and processed by the DIA. (i.e., the selection as to which short-

. period vertical channel to be processed was hardwired into the system prior

to deployment).

3,-
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9 Real Time Clock (RTC) - The system clock was derived from a cut crystal

(6.5536 MHz) which had a stability of better than. lxlO-9 when operating at

a temperature of 1.50 C. All of the system timing pulses were 'derived from

this crystal. RTC time synchronization to WWV was accomplished prior to

deployment on the shipboard deck. The RTC maintainea a I Hz time pulse

"synchronous to WWV at a nominal +1- 20 milliseconds over the 45 day ocean

bottom operation. As shown in Figure 3-6, various ciocks were generated by

the RTC clock board using the master 6.5536 mHz crystal for use in the

DTU, DIA, and DSC timing operations.

* DARS State-Of-Health (SOH) Monitor - An 8 bit Analo&-to-Digital Con-

verter (ADC) and a 32 channel analog multiplexer provided the means--of

acquiring and monitoring the BPP SOH. The -following SOH inputs were

monitored; three leak detectors (one per sphere), two orthogonal tilt

sensors, one pressure transducer, eight voltage monitors, and two ADC

status monitors.

0 FBIP Command and Status - Single frequency and full frequency calibration

commands were transmitted to the BIP. BIP SOHistatus were transmitted

to the DIA via separate FSK communication channels.

- SOH Communications - The DIA interfaced with an EG&G Sealink model 321

"* responder and was used to communicate the DARS SOH to the surface ship

*-during the deployment of the BPP. The responder operated at a carrier

frequency of 10.0 kHz. A 13 or 26 bit status message was transmitted once

"every 120 seconds, at a two bit per second rate for the-first 18 hours.of BPP

operation.

q DIA Microcomputer - The microcomputer. and additional input/output boards

acquired all data (i.e., MP/AP seismic data, hydroacoustic data, BIP status,

and DARS SOH); added WWV time to the data buffers and continuously
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transferred one second da-ta bloCks (time and data) 'ta the DSC via a serial

Ilink. This board also formatted and transmitted single and full frequency

calibration command messages to the BIP.

3.2.2.2 Data Storage Controller (DSC)

The DSC's primary function was to acquire the I second buffers fro,- the DIA;

format and buffer the datd prior to recording; and provide the~control and data tran~fer to

the Data Storage Assembly (DSA). The.DARS electronics as shown in Figure 3-5, contain

the DSC assembly with. data buffer memory which consisted of two 64 kbytes Random'

Access Memory (RAM) boards'with Is bit Hamming code error detection /cor rec tion. The

128 kbytes of buffer memory was used to store the I second data. buffers from the PIA

F prior to recording. The purpose of the buffer was to minimize the, power dissipation of

the DSA and allow for tape.drive initialization-. The DSC also formatted the data p~rior to'

storage in the buffer memory. Data storage formats are shown in Table. 3-2.

Table 3-2

One Second DIA to DAC Blodc Format

256 SECOND SECONDS SCOD MINUTES MINUTES

41COUNTER BYTE (Tens 0-5) (Units 0-9) 1(Tens 0-5) (Units 0-9)
IHours IHours I Days
(Tens 0-2) 1. (Units 9-9) I (Binary 0-255) IDAC Status BYTE

SOH ID NO. BYTE ISOH SAMiPLE (16 BIT)

SP-Z SAMPLE I (2'ý BIT)

SP-Z SAMPLE 40 (2(& BIT)
MP-Z SAMPLE 1 (24 BIT)

*45 MP-N SAMPLE. 1 '(24 BIT).
Days M- APE1(4BT

*MP-Z- SAMPLE 1 (24 BIT)

MPZSAMPLE 4 (24 BIT)

*MP-N SAMPLE 4 (24 BIT)

First HYDROACOUSTIC SAMPLE .1 (16 BIT)

days
only HDOACOUSTIC SAMPLE 40 (6BT

SP-N SAMPLE 1 (24 BIT)

22 [SP-N S AMPLE 40 (24 BIT)
days SP-E SAMPLE 1 (24 BIT)
only ______________________________

SP-E SAMPLE 40 (24 BIT)
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They were designed to be used as follows:

S* First 22 days - All data channels are buffered and recorded (269

seconds of data at 485 bytes/second buffered prior to recording);
," Next 8 days- The two short-period horizontal data channels deieted

from the buffer and recording (533 seconds of data at 245 bytes/

second buffered prior to recurding); and'

, Next 15 days - In addition to the two short-period horizontal channels,

the hydroacoustic channel also dele.ted from the buý.fer, (791 seconds

of data at 165 bytes/second buffered. prior to recordingS.

3.2.2.3 Data Storage Assembly (DSA)

The DSA consisted of two 3M HCD-75 controller/formatters and twenty 3M HCD-

75 high-density cartridge tape drives. The following is a summary of the DSA

characteristics:

All tape drives utilized a 182.88 meter, 0.635 cm formatted digital cartridge

tape;

* Each cartridge tape consisted of 16 tracks, 4096 blocks per track, 1024

bytes per block, for a total of 65,536 blocks or 67.1 million *oytes of user

data storage;

" Two redundant controller/formatters were capable of addressing any one of

the twenty tape drives;

*1 1024 byte transfer at 17.5 kbytes/second (approximately 58.5 millisec9nds

per block transfer);

• Typical write time was 8 seconds for the 128 kbytes buffer memory; and.

r Depending upon data format, there was to be 38.2, 75.7., or 112.3 hours, of

data per cartridge.

"40
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"3.2.3 Hydroacoustic Assembly

The hydroacoustic assembly, as shown in Figures 3-4 (top view) and 3-5 (fun-

ctionally), was located on the BPP sled between the DARS electronics and battery

spheres.

This assembly consisted of 1) four hydrophones, 2) one sensor mount, 3) one

pressure vessel connector, 4) one preamplifier, 5) one EDME and calibration signal

generation electronics, 6) power regulator, 7) sensor package termination, 8) cable

between the sensor and pressure vessel, 9) pressure vessel termination, and 10) electronics

pressure vessel. Power Aupply and calibration control were provided from the DARS

electronics with the hydroacoustic calibration signal generation provided within the.

hydroacoustic sensor electronics.

3.2.4 State-of-Health (SOH) Communications

An EG&G Sealink model 321 responder was used to communicate system status to

Sthe surface ship during BPP deployment and operation. BIP/BPP status was communi-

cated during the first 18 hours of the 45 day, mission to indicate current system go/no go

' status, SOH changes and operational status changes; such as, calibration. in progress,

switching from tape drive #/1 to #2, etc. A parity protected status byte and, SOH byte

"value was transmitted once every 120 seconds to the surface ship to provide MSS system

operational visibility.

3.2.4 Battery Power Subsystem

The BIP/DARS electronics primary power was provided by two silver-zinc

. batteries, Yardney part number 16950. Each battery was made of 25 PML 2500 cells,

connected in series and had a minimum capacity of 2500 ampere-hours, at a nominal 38.75

f voltage load. The two batteries we e connected in parallel, resulting in a total minimum*

capacity of 5000 ampere-hours. The dimensions of each battery were 63.65 cm x 63.65

cm square by 54.61 cm high with a weight of 470.7 kilograms.

41
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With the exception of the SOH Communicator having its own battery power supply

and a +12 V battery supplying surge relay power to the HCD-75 tape drives, all BIP

sensors, the DTU, the hydroacoustic assembly, and the DARS electronics were powered by

* 'the two silver-zinc batteries.

42
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4.0 GOULD EQUIPMENT SET-UP, TESTING AND Oi'.LRATION

3 Due to the complexity.oA, the MSS electronics the following test and operational

inst.uctions must be performed by personnel with intifr-e knowledge of the system

electronics and also the shipboard support electronics.

4.1 Shipboard Equipment Description

The following list of equipment defines each item and describes its use when

preparing the BPP for deployment.

4.1.1 Shipboard Portable Instrumentation Van

This van was used to house the electronic support equipment and personnel during

MSS deployment operations., The MSS equipment was placed in the casing rack aboard the

Challenger; therefore, the van protected the equipment and personnel from the env.irOn--

S"ment. See Appendix A, photograph A-2. A..complete description and specification of the

van is contirued in Appendix C.

* 1 4.1.2 Electronic Support Equipment

The Test Equipment Rack (TER) was used to configure the following equipment.

"(Refer to Figure 4-1.)

iN ie The Surface Communicator Receiver, EG&G Model 200, was used in

conjunction with a hydrophone placed over the side of: the.ship beneath the

hull to receive acoustic SOH signals transmitted from the BPP by the
NIJ.

surface communicator responder. The output signals from the receiver were

"filtered by the test connector interface unit and fed to the Mostek micro-

'. •computer for processing and display' on the Mostek line printer;

' The Shipboard Cartridge Recorder contained two HCD-75 tape drives and

one HCD-75 controller f.,rmatter. This unit Was used to record dara

collected by the BPP or the spare data input assembly. All shipboard

recordings made during the deployment were made on this unit;

.43
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0 The Mostek %licro-Computer was a Z80 based micro-processor used to

t collect and process data to be recorded on the shipboard recording system.

Data input was provided from either the BPP or the spare data input.

assembly as determined by the operation. Other functions included 1) single

4ft channel digital to analog conversion for display analog seismic signals on the

strip chart recorder, 2) process and display of BPP surface communicator

"SOH messages. The firmware was also capable of performing a limited FFT

(Fast Fourier Transform) on seismic or hydroacoustic data recorded on the

shipboard cartridge recorder;

* The Test Connector Interface Unit housed the following functions:

"I. Patch panel for all cable interfaces-to the BPP junction box, with

Sexception of the silver zinc battery charger; see Appendix A, photo-

graph A-4.

3 2. Re lay battery charge circuits to charge the nickel cadmium relay

batteries (tape drive relay batteries) located within the DARS pressure

v essel;

P, 3. Operator console interface to the DAC, DSC, and Mostek;

4. Selection switches for the BIP SP-Z or SP-Z BACKUP (Z or Z3 to be

recorded on tape or displayed on the strip chart recorder);

5., WWV synchronization circuits used to set the BPP clock to WWV and

to monitor both clocks and measure drift. Also, it contained a speaker

to listen to the audio portion of the WWV transmission received by the

ships WWV receiver;

"6. System master reset control to initialize the OARS electronics; and

7. BPP power relay controls used to operate power, relay within the

9 , *OARS pressure vessel;

45'
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* The Strip Chart Recorder (model HP7404A with four model HP 17402A pre-

U amp units) was used to display the analog signals produced by the %1ostek

Mticro-Computers digital to analog converter;

* The Spare Data Input Assembly contained a full complement of spare DIA

,, Printed Wire Assemblies (PWAs) and was capable of emulating the BPP's

DIA.' It was used for BIP checkout and testing as well as BPP testing;

0 The Linear Power 'Supply was used to supply dc power to the BPP in place of

the s~lver zinc batteries;

* The Topaz Line Conditioner, Model 61010-01, was used to filter line'

transients produced by the ship's generators;

- The DAC Operators Console, DEC Model VTI13, allowed the operator to

communicate with the data acquisition controllers Z80 micro-computer;

* The DSC Operators Console, DEC Model LA34, allowed the operator to

N communicate with the data storage controllers :80 micro-computer;

* The Mostek Operators Console, DEC Model VTi3I, allowed the operator to

"communicate with the Mostek's Z80 micro-computer;

(A * The Mostek Line Printer, DEC Model LA34, was used to produce hard copy

records of tests performed and also recorded SOHlsurface communication

messages during deployment of the BPP;

* The Silier Zinc Battery Charger was used to booster charge the two BPP

batteries located within their respective pressure vessels; and

* Miscellaneous electronic test equipment such as oscilloscope, spectrum

analyzer power supplies, DVM, etc. were also used for system mesting during

the deployment operations.

4.1.3 Mechanical Support Equipment

*4 The vacuum pump was used to evacuate the pressure vessels prior to BPP

deployment and thus seal the upper and lower hemispheres to the hemi-

*,sphere ring;.
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- A chain hoist was neeaed to lift the top hemispheres from the pressure

3 vessels;

* Miscellaneous mechanics tools were required to disassemble and assemble

the BPP;

0 Miscellaneous engineering laboratory equipment such as soldering irons,

cleaning solvents, drop lights, etc. were required to maintain the operational

equipment; and

0 Miscellaneous spare hardware such as PWAs, tape drives, integrated cir-

cuits, etc. were required for repair and maintenance of the operational

equipment.

4 .2 DTU Setup, Testing and Operation -'-

As described in Section 2.0, the Data Transceiver Unit (DTU) was a component

within the Borehole Instrumentation Package (BIP). The DTU was used to:

3 * Digitize the analog SP-Z, N, E, and backup SP-: data channel;

* Digitize the analog MP-Z, N, and E data channels;

* Provide commanding of EDME and BIP sensor calibration;

Q . Transmit BIP status messages to the BPP; and

"" Transmit all seismic data to the BPP.

. DTU setup, testing and operation activities included I) interface testing at

* Geotech facilities, 2) warehouse staging prior to Glomar Challenger deployment, and 3)

". .DTfU deployment and operational testing.

4.2.1 Interface Testing at, Teledyne Geotech Facilities

"Assembly, component interfacing and system level tests were conducted at Gould,

DED (Glen Burnie, MD) and Teledyne Geotech (Dallas, TX) to verify DTU system

performance prior to shipment iri support of the MSS '82 and '83 deployments. Typical

tests included the following:

* Digitized and transferred data streams and clock frequencies over 6400 ft of

'.'coax cable (Gould facility),

.- . . .. *.* * ** * . .-.-. .
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" Tested the DTU in conjunction with Data. Input Assembly (DIA) telemetry

U receiver and FIR filter boards,

0 Injected sinewaves from Lw---Distortion Oscillator (LDO) test assemblies

into the DTU and performed Fast-7ourier Transform (FFT) analysis,

* Performed EDME calibration command tests;

""- Repeated above DTU tests using DIA assembly,

. Measured typical/maximum power requirements for the DTU,

9 Verified all mechanical, electrical and data interfaces between the BIP and

DTU.assemblies,

* Full system test ofDTU with LDO analog signal input, and

0 DTU equipment burn-in (Geotech Facility). -

4.2.2 ,Warehouse Staging Prior to Glomar Challenger Deployment

Once all the MSS equipment arrived at the staging area, the full set of functional

3 and system tests as described above were performed. Since a backup BIP was deployed,

this included testing two DTUs, i.e., DTU #I located in BIP II and DTU #2 located in BIP

, #2. It should be noted that the BIP was to be a sealed unit upon leaving Texas and not to

be opened during staging or deployment. Therefore full function board level testing was

not planned. The BIP was however opened for testing at staging.

"Typical functions tested included:

Fourteen second EDME calibration test in each'DTU'-to verify each channel's

performance (analog display),

. . Command/status interface verification with respect to BIP components,

0 Power supplied via EM cable was decoupled properly, by the BIP and DTU

components,.

9 Data from al! channels was being sampled synchronously,and

9 ' Performance analysis of all channels by injecting a known Low Distortion

Oscillator signal and performing an FFT to verify each channel's perform-

ance.

.. .......................... ........ ..... ... ,..-........ ...~ .*. . ...- ,... ; . ' . . . . .
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Once the DTU and BIP components 'were verified at the warehouse staging area,

S they are sealed within the deployment container and loaded aboard the Glomar Challen-

ger.

4.2.3 DTU Deployment and Operational Testing

-, With the DTU sealed within the BIP casing, the S750 sensors provide the only

*- .'analog signal input; therefore, only limited DTU testing could be performed aboard ship

prior to BIP deployment. This limited testing included:

• Verification of FSK frequency alignment for each channel on the EM cable;

* BIP status, temperature, and voltage checks; and

• EDME calibration checks for each channe!.

During deployment/installation checkout of the BIP (reference Section 2.1), ihe

- "DTU component was deactivated. During that period Teledyne Geotech's STC was used to

* monitor BIP status and verify BIP sensor'.performance (Figure 2-2). With the BIP installed

1in the borehole, the dry end of the EM cable was shared between the Geotech STC van to

* the Gould BPP sled (Figure 2-3). As shown in Figure 4-2, the DTU was then .configured iI

the test mode with the BPP where-the Gould TER was used to acquire and record data

* from the BIP/DTU/BPP (Figure 2-4). The BPP Data Acquisition and Recording System

(DARS) electronics were configured to execute the MSS operation program which allowed

. ior the acquisition of BIP seismic sensor data, BIP status messages, and for the

transmission of calibration commands to the BIP.

DTU operational testing executed prior to parallel recording-of BIP data included:

• BIP status message verification;

. EDME calibration and verification of each cdata channel's performance via a

"strip chart recorder;

"* Single and full frequency BIP calibration to verify each data channel via a

strip chart recorder; and

a Seismic data acquisition from' each channel and performance of FFT

analysis.

4.9
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4.3 BPP Set-Up, Testing, and Operation

-4.3.1 Dockside Staging

Upon receipt of the equipment, at the staging facility, a complete visual

"inspeccion was performed in order to assess 'damage which might have occurred during

shipping.

The BPP was then readied for deployment by testing the DARS electronics,

hydroacoustic assembly and surface communicator. The Silver.Zinc battery packs were

prepared by the addition of potassium hydroxide to the cells and the subsequent soaking

" period. See Appendix A, photograph A-1. A 24 hour per day watch was maintained to

ensure no internal battery shorts had occurred during shipping. This watch was

maintained for 72 hours with periodic checks made up until the BPP was deployed. Ret~r

to Appendix B for the Yardney operating instruction for silver cell batteries. See Section

5.1 for a summary of battery failure, problems.

* 4.3.2 Shipboard Activities

When the equipment was loaded aboard the ship, all ships services were connected

"(i.e., power, voice communications, and special cabling). Ship's power was carefully

checked to ensure proper voltage and current capabilities were obtained.

The instructions contained in Sections 4.3.2.1, 4.3.2.2 and 4.3.2.3 were used

. aboard the challenger to verify the operation of the BPP. We present these procedures

here as they might be used on future MSS deploymnents. All page number callouts

* contained in this section are to be referenced to Appendix D entitled "MSS User Manual,

23 December 1982, Revision B."

Power up all equiprmenrt and reset both the DARS electronics and the Mostek.

microcomputer.

4.3.2.1 BPP Electronics Verification Mode (Prior to BIP Deployment)

* Data Storage Assembly (DSA)

All HCb-75 tape cartridges must be formatted and verified. This operation

* informs the HCD-75 controller of the condi- the cartridge and stores a skip table

AM. .NON" " "• ,' . ". " " " i . . . . . S ." " "*.' .. '+,. "'"- . * *"...-. ., .
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- - (Bad block table) on the cartridge itself. The skip table consists of tape block addresses,

which are considered non-functioning. When the tape drive is powered up the controller

reads the skip table from tape and will not write data in those locations. Perform test

called "HCD-75 EXERCISE/DIAGNOSTIC command [HCD]•". Refer to page- 16 and 17 for

'- details of this test. Continue this procedure until all tape drives have been tested.

Test the Data Buffer Memory (DBM) in the DSA by using the "TEST MEMORY

COMMAND Li ". Refer to page 32 for details of this test. If an error is consistently

" found, isolate the prcblem to one of the two DBM boards and replace it.

Hydroacoustic Assembly (H/A)

Establish communications between the DAC and the Mostek system by performing

the [,OE command, page 23.

Test the Hydroacoustic Assembly by displaying this channel of the strip chart

recorder. Refer to page 29 for details of this test. Upon initiation of the dispiay

Sstimulate the hydrophone, on the H/A assembly, by poking it gently and observing the

strip' chart recorder for activity. Initiate a H/A calibration by use of the BIP command

[BIP] on page 6. Observe the strip chart recorder for activity.

Data Acquisition Controller (DAC)

1 Test the DAC electronics as follows:

Perform a SOH display and observe the DAC operator console. Verify, displayed

" data. Refer to page 30 for details of this test.

Establish communications between the DAC and the Mostek system by'performing

"" the [MOS command on pate 23.

* Display all seismic channels, one at. a time, on the strip chart recorder. Refer to

page 29 for details of this test. Observe the ambient seismic in'fbrmation displayed on the

strip chart recorder. While each channel is being displayed,. initiate a full frequency

S- calibration command, page 6, and observe the strip chart recorder for proper activity.

Test the surface 'communicator by initiating the, EGO] command, page 14, and

listen to the responder, mounted on the BPP, for pinging at an approximately one second

rate.

'2
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4.3.2.2 Dual Recording Mode

The EM cable is connected to both the BPP and the Teledyne Geotech STC Van in

parallel. The BIP receives its power from the BPP in this mode.

To initiate the dual recording mode of operation perform the following:

1. Reset both the Mostek system and the BPP,

2. Install known good tapes in the shipboard cartridge recorder,

3. Perform the [PUP] command, page 27, on the Mostek operator's console.

PUP tape drive number 2 first then tape drive numoer I,

4. Synchronize the BPP's clock to WWV using the test interface unit in the test

equipment rack. Connect an oscilloscope to both the WWV and the DARS I

Hz BNC jacks to monitor the two clock signals. Arm the WWV sync using

the test interface unit. Observe the oscilloscope, both scope traces should

coincide when synchronization occurs,

5. Set the BPP's real time clock to WWV by performing the [TIN]4 command on

page 33. 3ulian time should be acquired by listening to the audio broadcast

on the WWV receiver, and

6. Initiate the recordings by performing the j@5O• command on page 23.

NOTF.

In the duM0 recording mode of operation the Teledyne

Geot-,;,.,N STC Van has complete'command control of the

BIP.

* 4.3.2.3 BPP Deployment Mode

Prior to deployment all HCD-75 tape drives must place the tape cartridge to the

* End Of Tape (EOT) position. Perform the .[OT1] command, page 11, in. conjunction with

2 the [PUP] command, page 27, until all 20 HCD-75 tape cartridges are placed at EOT.
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Prior to deployment the BPP sled must be readied by evacuating the three

9 pressure vessels using the vacuum pump. Each power pressure vessel should be evacuated

to 1/3 of an atmosphere. The DARS pressure vessel must be evacuated to a specific

absolute pressure so that the operating relative humidity is controlled to between 20% and

80%. All pressure cables must be checked to ensure a proper watertight seal.

The EM cable rrlst be connected to the BPP, electrically and mechanically. Prior

to deployment either the SP-Z or SP-ZB must be selected for recording. The SP-ZB was

selected during the 1983 MSS deployment. Installation of the proper jumper plug in the

junction box will make this selection. Connection of the battery packs must be, made by

installing a jumper plug in the junction box.

To initiate the deployment mod, of operation perform the following: --

1. Power up-the BPP using the relay controls on the test interface unit,

'2. Reset both the BPP and the Mostek system,

3. Place the surface communicator's receiving hydrophone in the water approxý

imately 50 feet below the ship, s hull,

4. Synchronize the BPP's clock to WWV using the test interface unit in the test

* equipment rack. Connect an oscilloscope to both the WWV and the DARS I

Hz BNC jacks to monitor the two clock signals. Arm the WWV sync using

the test interface unit. Observe the oscilloscope, both scope traces should

coincide when synchronization occurs,

"5. Set the BPP's real time clock to WWV by performing the (TIM] command on
9I

page 33. ZULU time should be-acquired by listening to 'the audio broadcast

on the WWV receiver,

6. Initialize the BIP by performing the [BIP G] command on page 6,

7. Initialize the BPP by performing the [GO] command on page 14,

8. Initialize the Mostek.by performing the IGTM] command on page 15,

9. Remove the test cables from the junction box and install the connector

pressure caps on the junction box.

54,
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I The surface corn:.-iiunicator shou.ld remain pinging when

the cables are removed. This is an indication that the

BPP is opera tional.

10. ','hen the BPP is placed in the water observe the Mostek's operator console

for 'state-of-health messages from the BPP. This indicates that the system

*is operational on its way to the bottom. The messages will continue foe 18

hours after the [GO] command is issued.

5
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5.0 MSS SYSTEM DEPLOYMENTS. AND RECOVERY

STwo MSS deployment missions were supported by Gould. The first was an

unsuccessful attempt during October and November, 1982 in the Northwest Pacific during

Glomar Challenger Leg 88. The second was a successful deployment during January and

February, 1983 in the South Pacific during Glomar Challenger Leg 91.

,5.1 Leg 83/1982 Northwest Pacific Deployment Attempt

Glomar Challenger Leg 88, during the late Summer of 1982 was the first attempt

"to deploy the MSS DTU and BPP electronics. This deployment location (Site 581) in the

" oceanic crust off 'the Kuriles, was ideally suited to the MSS mission; however, die to

drilling problems the deployment attempt was finally abandoned.

The Gould, DED MSS team and equipment were transported via M:'itary Airlift

Command (MAC) from Dover AFB, Delaware to Chotose Airport near Sapporo, Japan.

• The equipment was tVhen offloaded and trucked to the MSS staging and mobilization area

at the Hakodate Dock Yard in Hakodate, Japan.

During checkout of the BPP electronics at the staging area, one of the silver-zinc

.-- batteries "hot-shorted" and overheated until a meltdown occurred. The other 24 cells in

the battery pack, the battery sphere, and asSociated sphere cabling absorbed much of the

heat generated by the defective cell melt down and were damaiged beyond use. The

batteries had been dry shipped to Japan with the electrolyte installed at the staging area.

Therefore there was' no way to know of the hot short until the cells were filled during

". staging. Through a coordinated effort between Yardney, Gould, NORDA, commercial

airlines and operational Navy ships, new' silver-zinc cells were manufactured in record

V time and delivered to the Glomar Challenger at sea. The damaged batteries, sphere, and

associated, cabling were then replaced. The destroyed battery was sent to the U.S.

Military Disposal ,Office in Misawa City, Japan. Reference paragraph 6.1.1 for the

battery failure analysis and conclusions..

Once the MSS equipment was placed on board the Glomar Challenger, -Gould

personnel continued testing the electronic recording systems while enroute to the

S . .. . ........ -...... .-.. .. .. .... . ..* . .. , . .- c.~.. . . . ., . . . ., ,
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"deployment site. After extensive testing several HCD-75 cartridge tape heads were found

to be failing due to small wire breakages in the pick-up heads. On or about 30 August

1982 a coordinated effort between Gould, GMDI, NORDA, 3M, and the U.S. Navy resulted

"in an air drop t the Challenger of fifteen spare HCD-75 tape heads by a U.S. Navy

aircraft. These spares were quickly used to repair and verify malfunctioning tape drives.

Reference paragraph 6.1.2 for the tape drive failure analysis and conclusions.

After two attempts were made to drill a re-entry hole, efforts to deploy the BIP

and E62P instruments was abandoned. On the first attempt the drill pipe broke in the hoia,

and in the second attempt the drill pipe could not be. released from the casing. *Due to

casing 'shortages, time and weather the MSS '82 deployment operation was abandoned.

The Gould MSS equipment was returned to the U.S. via Military Airlift Commandi

as pdrt of the Glomar Challenger's demobilization in Yokohama, Japan.

5.2 L.!g 91/1983 South Pacific Deployment and Recovery

5.2.1 MSS/83 Deployment

Glomar Challenger Leg 91 during the early Winter of 1983 provided a successful

deployment of the DTU and BPP electronics. The South Pacific deployment location was

Ssite 595B in the oceanic crust near the Tonga Trench.

The Gould, BPP and DTU equipment were transported via Military Airlift Com-

", mand (MAC) from Dover AFB, Delware to Norton AFB, California. The equipment was

then transported to 'Christchurch, New Zealand and, subsequently, moved by truck to the

MSS '83 mobilization site in Wellington, New Zealand.

BPP staging in Wellington went well. The silver-zinc batteries were filled with

electrolyte and closeiy monitored using updated OEM phcedures. (Cell #/18 in battery

" sphere #1 was replaced on February 6th due to a 'slow discharge indication which could

have turned into a hot short and destroyed the entire battery.) The Challenger sailed 16

L January 83, as scheduled.

The Gould van and BPP sled were located in the ship's casing rack. This location

* proved to be in a hazardous area since the van's air. c6nditioner was hit by a drill pipe

.57
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casing and required mechanical repairs before becoming opera.:tonal again. A plastic tarp

I was placed over the van and BPP sled in order to, provide.a more protected environment

for working ot; the BPP electronics.

Table 5-1 identifies the Gould activities with the DTU and BPP equipment prior

* to and during the MSS '83 deployment exercise.

Table 5-I

Gould Activities During MSS '83 Deployment Exercise

J Jan Activity Comment

16 Tape Drive #113 failed to power up ReplacedTape Drive with spare unit.
and initialize (status O01o/0051).

17 Noted varying cell voltage readings Variations were found to be due to
when monitoring; experienced inccn- RFl:from the ships CW transmitter;
sistent results when performing also noted that RFI was apparent on
tape formats/verifications, the tape drie read/write amplifier.

18 Tape Drivr 1#8 failed to power up Replaced Tape Drive and retested
* pr9perly (status O0C4 - illegal satisfactorily.

command).

"18 After re-assembling DARS, found' Isolated ground to a shorted capa-
(Inter- that chassis was shorted to system citor in Tape Drive 1#8 (mother-
national ground. board); replaced capacitor.
date-
line)

After re-assembling DARS again, Failure isolated to 'soft start'
DSC power relay would not switch circui't; replaced two relay coil
off when power sequenced or reset. transistors and re-tested 'satis-

factorily.

"19 12 kHz pinger (altitude) and Installed adjustable Bandpass
).5 kHz ATNAV transponder inter- Filters at hydroph'one input with

f !rring with reception of 10.0 kHz limited success; 12 kHz pinger was
SOH Communicator transmissions, removed from BPP and ATNAV trans-

ponder will be interrogated between
SOH transmissions.

* 21 When performing EDME CAL on Noise on SP-E channel was corrected
both BIPs found that SP-Z and. by properly aligning telemetry in
SP-E channels were noisy on DARS; noise on SP-Z channel is due
BIP //1, and only SP-Z was to interferring frequency on FSK
noisy on 31P #/2. at 45-5 kHz, unable to isolate

source of interfereiice. Problem
only occurs on EMrcable.

.. "
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Table 5-1 (continued)

* Gould Activities During MISS '83 Deployment Exercise

Jan Activity Comment

" 23 Experienced an intermittent Tested 130 volt regulator with
problem where the spare DIA 130 full load - satisfactorily. Tested
volt regulator which would fail to on BIP #1 - satisfactorily.
power-up BIP #I (fold-back).

25 Experienced inconsistent results Unable to localize cause; suspect
on 7 tape drives when performing that RFI due to CW transmission is

- format/verifications. interference on tape drive read/
write amplifier. Install known
good tapes which were previously
forriiatted and verified.

27 When EOTing tapes (positioning Isolated failure to open conductor
- tapes at end-of-tape), tape drive on 26 conductorribbron cable;#7 failed to power up. repaired and tested satisfactorily.

"31 Cell voltage for cell #iS, battery Continued to monitor cell #18 closely,,
#/I observed to be decreasing at a activated a spare cell; charged
rate of 0.5 rmvolts/hour. battery and observed that cell # IS .

continued to discharge;, replaced cell,
1 /1 on 6 Feb 83 after additional
monitorin;.

Feb

I While monitoring BIP #i1 during Was finally able to power up BIP
U deployment, noted BIP voltage and establish commuhications (BIP

dropped; no command/control at 220 feet); at 500 ft depth
capability; re-try of power-up again lost power and communications;
indicated excessive current. retrieved BIP, found water leakage

to shield down to connector where
it •horted to, center conductor.
Changed BIPs and reterminated EM
cable.

.BIP successfully deployed in
borehole.

6-7 Telemetry -was adjusted in van prior Determined that there was 250
to installation in sphere; once in sec phase 'shift ir the telemetry
sphere, and checked all short when compared to being set in the
period channels that were noisy. van versus in the sphere due to

cable impedance changes as a result
of the hydroacoustictassermbly (H/A)
sensor, power being drawn from' the BIP
power source; re-adjusted telemetry
in sphere. All channels were
checked out satisfactorily.

59
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Table 5-1 (continued)

Gould Activities Durinig MSS '83 Deployment Exercise

Feb Activity Comments

0I Lost BIP status/communications Suspect failure to be in Bay #3
and MP-Z data channel after EM of the DTU in the BIP; performed
cable terminated to BPP. calibrations inde,- STC van control.

. 11 Identified that system ground was Located ground lug in SOH trans-
shorted to base of SOH transponder, ponder electronics and isolated it
"+56 volts dc potential between from chassis ground; verified
case of SOH transponder and sled. ground isolation and function of

SOH transponder.

11 DARS system clock was incorrectly Noted error for post processing.
set to ZULU -6 hours. BPP sled was
placed in water at 1400 hours.

.I Quality of SOH communication de- SOH communications were degraded
graded rapidly after approximately due to high ships noise - thruster
3000 feet, only able to receive and screw cavitation.
SOH data intermittently down to
approximately 14,000 ft. BPP sled
reached bottom at 1145 hours.

"Test Configuration Comment

130 volt monitor did not work when system was connected to the test equipment
rack due to shield of EM cable terminated to BIP case through a 10 KMl resistor;
monitor apparently functioned properly in deployment configuration.

Once the BIP was deployed, real-time data was acquir d and recorded during a 5-

* day shipboard recording period., Due to .the need 'to test H D-75 tape drives, only 84

hours of data 'was recorded by the Gould test van equipment. -his inciuded approximately

. 25 hours of the shot program and 59 hours of, regional seismi ity recordings. After the

five-day shipboard recording period the BPP was preparec for deployment and the

0 operational firmware initialized as described in paragraph 4.3, BPP Setup, Testing and

* Operation.

.BPP status, communicated to the ship via the state-of-health transponder, was

monitored on board the ship by the Gould test equiprnent rack TER). The communication

* link was reliable down to a depth of approximately 3,000 ft, w ere the noise generated by

60
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the ship's thrusters and screws began to interfere with transmissions. Down to a depth of

appro/imately 5,000 ft, the status reported was normal. The system did report that the

relative humidity in the electronics sphere had dropped to 25%. This was not considered

critical. The system also reported that the crystal cooler power had been turned off, as

planned; tape drive i/1 was powered up and initialized; the recording format had changed,

"as planned; a full frequency calibration initialized and aborted, as expeced due to loss of

BIP communications; that tape drive Ill had failed after approximately 4 hours of

recording, the cause of which is not known; and finally, that tape drive 1/2had been

powered up, with a single frequency calibration initiated and aborted, as expected. The

final system status was received from a depth of approximately 14,000 - 15,000 ft. The

last system status reported was that the relative humidity was 25%. The SOH responder

was then automatically turned off after 18 hours, as scheduled.

The Gould MSS support equipment was temporarily stored in a dock warehouse

Supon arrival in Papeete, Tahiti as part of the Glomar Challenger's demobilization. The

R/V Melville. would later retrieve the stored MSS equipment from storage in Tahiti in

order to recover the BPP sled.

� 5.2.2 MSS/83 Recovery

After retrieving the MSS support equipment required to recover and evaluate the,

BPP, the R/V Melville proceeded to Site 595B. Upon arriving at the site, the IRR mooring

system was released using the ATNAV command transponder.. The IRR grapnel leg and

riser leg were 'recovered in the process of retreiving Ithe BPP sled.

Table 5-2.identifies Gould activities with the BPP sled recovery.
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'Table 5-2

Gould Activities During MSS '83 Recovery Exercise

4Mar Activity Comments

23 The BPP sled was raised from the The BPP was left at this point over-
ocean floor and left suspended night due to personnel safety
approximately 1,5 0 0 feet below the considerations.
ship overnight.

24 The BPP surfaced at 1000 hours. (Paragraph 6.3 provides detailed
It experienced many mechanical observation, failure analysis and con-
shocks with the ship's hull as it was clusions of the recovered BPP
brought aboard. Visual inspection equipment.)
was made of the BPP and its
components.

24 The EM cable was removed from the Five hours of seismic data was re-
DARS and connected to the Gould corded ,at this time by the Gould Test
TER and Geotech STC test equip- Equipment Rack (TER) in parallel with.

Sment. Calibrations indicated the the Geotech STC van.
same B!P performance as measured
at deployment time.

25 Removed 20 cartridge tapes from Assisted in repair of EM cable and
DARS vessel - only three tapes were deployment of dummy BPP.m used during mission for a total
seismic data recording time of
40.3 hours.

26 The printing of state-of-health
information from the tapes did not

0 indicate a system failure. Selected
FFT analysis indicated recorded
data was valid and useable.

27 Unable to copy MSS cartridges due
to defective scratched tapes.

- 28 Evaluated Battery Vessel #2 and Reference paragraph 6.3
. discharged same using aviation lamps

. 29 BPP recorded state-of-health data The crystal temperature curve indicates
was used to evaluate the crystal a 0.2 C rise during the last 14 hours of
"temperature and primary battery the mission. Battery discharge

voltage histories, characteristics were normal.

30 Evaluated Battery Vessel (I/ and the Reference paragraph 6.2 for battery
BPP junction.box. and junction box observations, failure

analysis and conclusions.

31 The OARS DIA/DSC/DSA and hydro-
acoustic assemblies were activated
and evaluated to be fully functional.
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"6.0 GOULD EQUIPMENT PERFORMANCE ANALYSIS

1 During the MSS 1982 deployment attemp~t the BPP experienced two major

failures. The first occurred at dockside checkout and testing in Hakodate, Japan. One of

two silver zinc batteries on the BPP melted down shortly after being filled with

electrolyte. The second failure occurred while at sea aboard the Glomar Challenger-

'. during final system preparation. Eight of the 20 HCD-75 tape drive heads failed in the

BPP's DARS electronics data storage assembly.

During the MSS 1983 Deployment and Recovery effort the BPP subsystem and the

DTU component, located, in the BIP subsystem, experienced major failures. The first

occurred during the BIP installation when a loss of MP-Z seismic channel data and the

command and status channel data in the DTU was detected. The secropd occurred during

the time when the BPP was residing on the sea floor. A pressure cable failed and

terminated data recording approximately two days after the.equipment was deployed.

The following details each failure and outlines: the analysis performed and

conclusions reached.

.. 6.1 1982 Deployment Attempt

6.1.1 Silver'Zinc Battery Failure

6.1.1.1 Description

The two silver zinc ba';.cries were activated on August 6, 1982 by Gould personnel

using detailed procedures prepared and supplied to Gould by Yardney Electric Corpora-

tion.

'These procedures are defined in Appendix. B. At the conclusion of the filling

" process the voltage of both batteries were measured and -ecorded at 46.3 Vdc. The

batteries were then allowed a.72 hour soak cycle, as stated in the operating instructions.

On Monday, August 9, 1982 Gould personnel discovered that one of the batteries

had melted down. The following visual observations were made:

* The warehouse staging facility was completely filled with smoke;

p.
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* The battery located in pressure vessel #1 had burned to the point where it

S was reduced to ASH with congealed portions of silver residing on the battery

mounting platform in the bottom of the pressure vessel. To' illustrate the

melt down, Figure 6-1 is a photo of a single battery cell which had melted

down during equipment transport from Tahiti to Glen Burnie, Maryland;

"* The battery and pressure vessel were still very hot;

9 The outside paint of the pressure vessel had been discolored and blistered;

* Potassium hydroxide, the electrolyte used to fill the battery, had been

expelled during the reaction and.covered, the entire BPP and surrounding

equipment;

- All external pressure cables were visibly undamaged; however, the batt'ery

cable #1 was replaced'with a spare cable because the connector potting

integrity was in question and could have resulted in a high pressure leak;

. A detailed examination 'was made to 'determine if foreign metaific objects

were placed near the battery or BPP wiring harnesses which may have

caused a short circuit. None were detected.

Electrical testing ensured -that the unda'maged portion of the system was still

operational. The remaining battery was disconnected with its voltage measured and

recorded at 4,6.3 Vdc. The BPP's electronics were found to be completely operational.

The battery manufacturer was contacted and made aware of the situation. In the

' interim Gould personnel proceeded to clean up the remaining portion 'of the system and

make it ready for deployment. A 24 hour watch was maintained on the remaining battery

"to protect against any further problems.

" 6.1.1.2 Conclusions

Gould personnel contacted the battery manufacturer and were informed of a

* possible condition called a ',Hot-Short." it was presumed that during the battery shipping

and handling, an internal plate separator material punctured; therefore, the hot short

64
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occurred when the electrolyte was placed in the battery and the plates began to swell.

The hot short occurred in one of the 25 cells in the battery pack. As the shorted cell

heated up the condition got progressively worse until it melted adjoining cells, then a

falling domino condition destroyed the remaining cells.

NOTE

The separator material in the batteries was intention-

ally made much thinner than normal silver-zinc in o, .r

to increase cell density and thus available power per

unit 'volume.

* The battery manufacturer supplied Gould personnel a detailed addendum to The

"- operating instructions for detection of hot shorts and the emergency safety procedures to

follow in case of a cell casualty.

• 3 The damaged battery, pressure vessel, and associated cabling were replaced with

spare equipment. The burned battery and respective pressure vessel was sent to the U.S.

. Military Disposal Office in Misawa City, Japan.

6.1.2 HCD-75 Tape Head Failures

"6.1.2.1 Description

"After the MSS equipment was loaded aboard the Glomar Challenger, Gould

personnel continued testing the electronic recording systems. The equipment was located

below deck on the vessel's tank 'top level. The equipment experienced some vibration due

* to the normal ships operations. The ambient environment in which the system was placed

"was dryand very warm, approximately 85 to 900 F. After extensive testing, six HCD-75

tape drive heads were discovered to have open circuits. Two days later two more tape

heads failed with ithe same failure mode.

6.1.2.2 Analysis

A dissection of one failed tape head was attempted aboard ship to determine the

cause of failure. This proved unsuccessful due to the lack of proper equipment aboard the

66
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Challenger. On or about the 30th of August 1982 a coordinated effort between Gould,

NORDA, 3M, and the U.S. Navy resulted in an Air drop to the Challenger of 15 spared

HCD-75 tape heads by a U.S. Naval aircraft.

These spares were quickly used to repair and verify malfunctioning tape drives.

"6.1.2.3 Conclusions

"Upon returning to the U.S. six of the failed tape heads were returned to 3M for

failure analysis. Two of the six were examined and found to have broken wires inside the

tape head. Later it was discovered that 3M had a manufacturing process problem. Epoxy

" used to seal thie tape head was causing urndue stress on the fine wires within the tape head.

The problem had been corrected but affected heads manufactured with serial numbers

between the range of 2000 through 2999. The failed MSS heads were within this serial

*" number range. The heads were replaced by 3M under warranty at no charge. No further

problems of this nature were discovered.

6.2 1983 Deployment and Recovery

6.2.1 Data Transceiver Unit (DTIJ) Failure

6.2.1.1 Description

During the BIP. installation phase of the MSS Deployment Teledyne Geotech has

complete electrical control of the BIP. Power to the BIP was cycled numerous times

. during installation. When Teledyne Geotech has control of the.BIP the DTU is powered

but does not report any tatus or seismic information to the STC van. Upon completion of

the BIPinstallation, the EM cable was connected to the BPP'toallow DTU testirg.

.- 6.2.1.2 Analysis

After extensive testing. the DTU showed' that the MP-Z seismic channel and the

BIP status/command co munications €l,annel had failed. The BIP would not accept any

calibration commands i sued by the BPP and the MP-Z seismic channel had no activity

"when displayed on the st ip chart recorder.
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6.2.1.3 Conclusions

1 Upon examination of the DTU schematic diagrams it was concluded that the

switching mode regulator (SMR) board in Bay #13 of the'DTU had failed. The printed

circuit boards located in Bay #3 are defined in Figure 3-2. The figure shows that all non-

-. operating functions noted upon testing are powered only by the switching mode regulator

in Bay #3. The phase lock loop and clock transmitter boards also located in Bay #13 are

I%- redundantly powered by the SMR in Bay #2 and Bay #3. These two boards were powered

in this fashion to ensure t.,at if the SMR in Bay #3 failed, the DTU primary seismic data

channels would still operate. Since the DTU continued to provide primary data to the

BPP, a detailed examination of the SMR schematic diagram allowed Gould personnel to

conclude that a fuse on the SMR ,board had blown, which protected the front end

electronics of the SMR. This failure may have occurred during one of the powe'r cycling,

operations of the BIP deployment. Further' examination of the DTU failure cannot be

N performed due to the BIP currently residing in the borehole in the South Pacific.

During BPP recovery operations the DTU was tested in the same manner and

found to be unchanged from installation testing.

"09 6.2.2 BPP Post Recovery Analysis

Shipboard, San Diego de-mobilization, and Gould analysis activities are discussed

"with a conclusion paragraph summarizing the BPP post-recovery analysis.

6.2.2.1 Shipboard Activities

"Upon recovering the BPP from the sea floor the. following visual observations

were made:

0 The junction' box pressure- compensation bladder was approximately -three

times its normal size with the junction box contents consisting of liquid

castor oil, castor oil in a foam state and an undetermined gas. The junction

box bladder burst approximately one hour after the BPP surfaced; see

* .~ Appendix A, photograph A.-4.
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0 The outer "O"-Ring on battery vessel I#1 was protruding through the top

21I hemisphere/pressure ring interface. Approximately 18 inches of the "0"-

Ring was visible;

"" The pressure cable below battery vessel #2 was wrinkled and the outer

jacket was split. This damage was located at the molded plug at the end of

the cable just below the battery vessel. See Figure 6-2. Heavy corrosion

"was visible on the intermost legs of the cradle, also on the decking just

below the sphere penetration of The battery vessel;

* The entire sled had aluminum oxide residue on the aluminum frame. Most of

this was located on battery vessel #/2's cradle;

0 The paint on both battery vessels was chipped and blistered. Where paint-

had fallen off oxidation had taken place. The lower hemisphere of battery

vessel /12 showed the most visible corrosion;

I•I Mud stains were evident as high as the pressure ring of battery vessel #2.

Immediately after GMDI personnel had completed recovery operations and

secured the BPP to the deck of the ship, Gould personnel proceeded with the following

-" tests and observations.

The vacuum ports on all three spheres, were removed to ensure that there was no

positive pressure inside the spheres., The results were as follows:

* Battery vessel #ll was found to be at ambient pressure,
0. Battery vessel #2 was found to be slightly positive, and

.. ,• DARS vessel was found to be evacuated.

After rinsing the junction box, and the EM cable connections, the' DARS test

. cables were connected to the junction box. No system activity was evident. Efforts were

made to turn on the electronics but the system would not'energize.

The battery test monitor cables were connected to the battery spheres. Battery

St#2 was found to be completely spent and battery #1 was found to be fully charged.
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Visual inspection of the junction box was performed. A burned wire on te:minal

* block I position 5 was noted. This wire was the charge input circuit to battery vessel #1.

The screw heads and crimp lugs were blackened and the nylon insulation on the crimp lugs

were melted.

The EM cable was removed from the DARS vessel. The'BIP was tested and found

to be operating in the same manner as previously tested aboard the Glomar Challenger.

"Calibrations were performed, and the result indicated approximately the same response

characteristics as the calibrations performed aboard the Glomar Challenger prior to the

," BPP deployment.

The DARS vessel was opened and all 20 tape cartridges were removed from the

DARS electronics package. No visible damage of the electronics was noticed. First

indications showed only three tape cartridges were used during the mission. Tape analysis

began immediately to determine the s:,stem failure mode. State-of-Health headers were

3played back and hard copy print-outs were made.

-It was found that tape cartridge number I recorded for 5 hours, 14 minutes, 40

"seconds. Tape cartridge number 2 recorded for 38 hours, 10 minutes, 58 seconds. Tape

cartridge number 3 recorded for 53 minutes, 47 seconds. The total system operating time

was 44 hours, 18 minutes, 25 seconds. The total amount of seismic data recorded was 40

huowr, 16 minutes, 25 seconds.

The first and last state-of-health information recorded on tape showed no

indication of system failure.

FFT (Fast Fourier Transform) analysis on selected areas of the data cartridges

"was performed indicating that the 40 hours of recorded data were valid useable data.

The top hemisphere of battery vessel #2 was removed with the following

observations made:

S, The hemisphere appeared to be bonded to the pressure ring in some fashion.

A rubber hammer was used to successfully free the hemisphere;

* The O-ring appeared to be undamaged;
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* Corrosion was evident in the O-ring grooves and :he entire pressure rjng;

A A rubber hose,. was inserted under the battery .•eck and stltwater was

discovered;

9 The wiring harness was severed and completely disconnected from the

connector at the bottom o' trh• -essei;

* The battery package was t.ited approximately 15 a and was covered with- a

film of black soot;

0. A strong odor of burning material was noted;

* All battery ceil fluid levels were checked and found to be normal;

* Corrosion was evident at the base of the battery cagewhere it attaches to

the battery deck;

*'0 Water marks were noted within the battery vessel. This indicates water was

sloshing around the bottom of the lower hemisphere;

* The pressure cable was removed from the bottom of the battery vessel. The

insert in the connector at the vessel penetration was damaged. Some wiring

from this inscrt was attached to the cable female pins.

The top hemisphere of batte,'y vessel #/1 was removed with the following

observations made:

* The inner 0-ring appeared to be undamaged. The outer O-ring was

stretched but recovered to its normal sze when the' hemisphere was

"removed;

"- A rubber hose was inserted under the battery deck and potassium hydroxide

was discovered at the bottom of the battery vessel;

* The redundant battery diode located on the terminal block was found to be

open. due to a high heat situation. 'The diode mounting stud, soldered to the

end of the diode, was disconnected. The 18 gauge wire was also melted

through;'
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0 The gauze inside the entrainment eliminators on the batteries appeared to

£ have melted;

* There was no visible signs of cell fill fluid within the battery cells; and

• The cell jars that were visible were warped slightly.

Further inspection of the junction box was made. The follrcving observations were

noted:

* Condensation had formed on the inside of the Lexan Cover;

* When the cover was removed it was discovered that a corner of the Lexan

Cover had been 5roken off. It was broken off approximately I inch inside

the O-ring. Two of the outermost corners of the Lexan Cover were also

broken off;'

. The pressure cable connected to battery vessel #2 was removed from the

junction box .and saitwater was' evident on the face of the connector. The

* connector had no evidence of corrosion; and

The burned terminal in the junction box was removed and examined. The

terminal block under the crimp lugs were also melted.

Connections were made between the charged battery and the junction box DARS

power connections. The system was turned on and the following observation and tests

were made:

0 The state-of-health ,display indicated there was a leak in battery vessel,#/2.

The cable to that vessel was removed from the junction box to verify the

. leak detector and the state-of-health display properly indicated a no leak

condition;

0 The leak detection circuits in both batteries were tested and found to be

operational. This test was performed using a jumper in the junction box;

* 1 The hydro-acoustic assembly was tested and found fully operational;'

* The data buffer memory, located in the .•dta storage as.zembly, was tested

and -found tO be fully.operational;.and
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0 T-ne tape drive system was tested, using the HCD-75 test firmware, and

3 found to be operational. Tape drive it I was used for this test.

Gould personnel continued other, recovery operations including the following:

. The Gould test equipment rack recorded all calibrations performed by the

- Telecyne GEOTECH STC in addition to recording approximately five hours

of real time seismic data;

* The EM cable termination became impaired beneath the ship and Gould

personnel assisted Teledyne GEOTECH personnel in repairs; and

0 he EM cable termination was attached to the dummy BPP and Gould

personnel'aided GMDI in re-deployment operations.

h 6.2.2.2 San Diego De-Mobilization Activities

In May 1983 Gould personnel traveled to San Diego, California to de-mobilize the

MSS equipment from the R/V Meliille upon its return from Tahiti. Due to the conditions

during recovery at sea the battery pack could not beremoved from the spheres. This task

Was performed in San Diego with the following observations:

0 The battery in vessel #2 was removed and approximately 4 inches of mud

and seawater were found in the bottom of the vessel;

0 The battery in vessel #1 was removed and a small portion of potassium

hydroxide was found in the bottom of the vessel;

* Both batteries' were removed from the vessel's mounting hardware and

transported to the San Diego Naval Salvage Depot. This task was handled by

GMDI Logistics personnel;

"* The BPP and assoc.aLed equipment were prepared for shipment, by truck, to

Gould's Gler .3urnic, Maryland facility.

6.2.2.3 Gould DED Analysis Activities at Glen Burnie, Maryland Facility,.

The equipment arrived in late May at the Gould Glen Burnie facility. Gould

. personnel continued the BPP examination. The failed pressure cable was removed and the
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cable connector termination was cut from the remaining cable. The rubber potted strain

i relief was cut off just prior to the stainless steel portion of the connector assembly.

Refer to Figure 6-2. The remaining portion of the connector assembly was cut in half to

"- reveal the inside of the connector. Refer to Figure 6-3. Further examination of the

connector revealed that 4 to 6 inches of the electrical conductors of the cable was

* compressed into the housing of the connector. Refer to' Figure 6-4.

The mud and seawater were removed from batter, vessel #2. A large area of the

vessel near the penetration had been corroded away. The area in question was approxi-

mately 4 inches by 8 inches long and approximately I inch deep (refer to Figure 6-5,).

The vessel penetration assembly was removed and the connector pin insert

S removed from the housing. This revealed that a portion of the insert had been burfied

away. Refer to Figure 6-6.

Upon return of the equi'pment van the single battery cell that had showed internal

P short symptoms at sea was found to have melted down in the van. Minor damage to the

,an had occurred. The burned battery cell was packaged and taken to the Defense

Property Disposal Office at' Fort Meade, Maryland for salvage.

P, 6.2.3 Conclusions

The BPP's failure to complete the 45 day mission was due primarily to th1e battery

pressure cable failure. ;'he following are conclusions and a description of the theoretical

failure scenario which may have terminated the mission:

"At some unknown water depth the battery pressurecable gave way to the exerted

external. water pressure causing the multi-conductor cable .q be compressed into the

7" connector housing. This resulted in a short circuit to the battery. Re'!er to Figure 6-4.

* When this occurred both batteries began to supply current to the short. By examination of

the system -wiring diagrams the battery in vessel #/2 was located closer to the short and

J thus supplied more current than battery I 1. During this condition the DARS electroriics

* were supplied sufficient current to maintain proper operation. As the internal wiring of

"battery vessel #2 began overheating and deteriorating, the internal wiring at the cable

75
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Figure' 6-3. Pressure Connector Cross Sec tion
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connector disconnected and shorted to the wall of the sphere. This resulted in the battery

U being completely discharged. This also contributed to the heavy oxidation found on the

BPP and the large area of erosion found in the battery vessel itself due to the internal

battery wiring coming in contact with the vessel wall. Refer to Figure 6-5 for the battery

vessel configuration.

Meanwhile, the battery in vessel #I. continued to supply current to the short and

also to the DARS electronics. As time passed the redundant diode located in battery

vessel, I# began to overheat. Eventually the solder, that connected the diode to the

terminal block, melted and the power source was quickly disconnected from the system.

This explains why the SOH monitors showed no drop in voltage. The batteries capability

h to supply very high currents without any drop in output voltage also contributed to tfie

SOH readings. As the battery. in vessel #I supplied high currents the electrolyte within

the battery, boiled, causing the internal vessel pressure to increase. As the BPP was

i raised to the surface the top hemisphere lifted slightly allowing the pressure to escape-

This contributed to the "O"-Ring protruding from the vessel upon recovery.

"During the' short circuit condition the internal wiring of the junction box must

have become very hot. This'caused the castor oil to produce a gaseous reaction w thin the

junction box. This reaction caused the inter nal pressure to increase and disp ace the

castor oil into the junction box bladder. While the BPP was on the ocean floor the bladder

remained compressed, as the BPP was raised the internal pressure caused the bla'dder to,

"" expand to the point where, it burst shortly after recovery.

-* The pressure in vessel,/ 2 must have increased, during that batteries discharge, to

a point 'where it exerted enough pressure on the failed connector to stop the vessel from

"" becoming completely flooded. Although each battery pressure- ve-o' •pped with a

leak detection sensor, no leak indications were recorat.., ui tape or reported to the

.i , deployment ship via the BPP SOH communicator. 'This anomaly must be attributed. to the

leak detection sensors being mounted on the battery deck legs rather than at the bottom

"of the sphere where a small volume of fluids would collect. Refer to Figure 6-6..

* 80 ."
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°Vic. John Sasse from NSRDC (Naval Ship Research and Development Center in

IK Annapolis, Maryland) was asked to examine the BPP and, after discussing the system

• operation with him, he concurred with our findings.

.. 63 Data Disposition

Seismic data was collected on HCD-75 cartridge tapes with Gould equipment

"*; during deployment, operational and recovery maneuvers. These included:

*e Gould TER parallel recording of BIP SP/MP data channels during GEOTECH

STC commanded BIP calibrations prior to shot program;

* Gould TER parallel- recording of BIP SP/MP data channels during'the five

day short program prior to BPP deployment;

. DARS ocean bottom 40 hour operational recording of BIP SP/MP i'n-d

hydroacoustic data channels (three cartridges);

* Gould TER parallel recording of BIP SP/MP data channels during GEOTECH

m STC commanded calibrations after fIPP recovery; and

* Gould TER parallel recording with the GEOTECH STC of BIP SP/MP data

channels for five hours prior to dummy BPP deployment.

At the direction of NORDA all MSS data cartridges were placed in the care of Ms.

"Emily McCoy, Center for Seismic Studies, Arlington, Virginia for conversion and analysis..

6.4 Suggested'BPP/DTU Improvements

The following are suggested improvements to the existing system which would

" ease testing and system preparation for deployment:

..- DARS (mechanical)

* The crystal heatsink assembly should be mounted in such a way that it easily

comes in contact with the sphere wall when the DARS electronics package

islowered into the bottom hemisphere;

* The internal penetration cable routing and support should be improved such

that it does not become tangled in the rubber feet at the bottom of the

DARS electronics package;
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- Center tape drive deck support should be incorporated to prevent damage to

A the flat interconnect cables. Also, the tape drive deck interconnects should

be made through rack and panel type connectors to make disassembly easier;

S.The humidity control within the DARS vessel is crucial tc the proper

"- operation of the HCD-75 tape drive units. incorporation of a dry nitrogen

bcfllprocedure would better control the humidity in a lowtmeau,

"" "high ambient humidity location; and

Mechanical shipping restraints should be incorporated within all' pressure

vessels to prevent damage to the equipment during shipment.

SLED (mechanical)

. .6 Reduce one of the side dimensions of the sled so that special truck wide load

permits are no longer necessary. The present sled measures 8 feet 4.5

inches in width. The maximum normal truck shipping width is 8 feet;

0 Many of the forklifts, used to handle the sled during shipment, have very

"large forks. Enlargement of the forklift holes in the mud skirt of the sled

would greatly improve handling of the sled. Also, the sled should be

L accessible from all sides. Presently it is only accessible from one side;

* Incorporation of tie down hardware on the sled would'make transportation

and attachment of the sled to the deck of a deployment ship easier; and

0 * No more than' two pressure vessels should be utilized to greatly improve

reliability to the ýystem. One pressure vessel could contain all electronics,

while the other could house the battery pack.

DARS (electrical)

. . Improvement to the telemetry electronics should be designed to be less

*.critical when changing from test configurations to the EM calble. The

l problem occurs in the c, ar frequency sampling of data channels due to

"impedance charqes incurred in different t est set ups;

".82
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0 Replace all HCD-75 zape drive hardware with the latest revision units. The

tape drive units have under-gone many improvements since the procurement

of the units currently in the system. This would greatly improve reliability

of the data storage portion of the system; and

. All of the BIP and BPP SOH monitors should be re-calibrated to ensure

accurate readings to be recorded cn tape and displayed to the operators test

console.

DARS (firmware)

• Incorporation of all Teledyne GEOTECH's sensor calibration commands to

allow the DARS electronics to perform these functions independent of the

STC van. Also, a command to initialize the DTU without power cycling the

BIP would be very useful;

* The SOH table, displayed on the operators'test console, should be updated

; Imore fr-ýquently, every five seconds, to aid, in monitoring critical system

parameters during testing and preparation for deployment; and

- Better definition of commands and responses, displayed on the operator test

UI console, to make operating the system more user friendly.

DTU

"" . A commercial power supply should be incorporated in the DTU to eliminate

-any further.problems that occurred duringthe BIP installation; and

"" Incorporation of a digital. phase locked loop (IPLL) on the system recovery

"81.92 kHz clock. This would improve 'system operating without critical'

adjustments and also increase DTU reliability.

Equipment Van

,.Re-wiring of the AC distribution panel within the van such that the air

* conditioner, battery charger, and other support equipment could be powered

directly from the ship's generators. The remaining electronic equipment

83
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would still be powered from the AC line cpnditior;.:. ir, the van. Presently

I the load on the line conditioner is at its maximum limit. Reduction of this

load will add reliability to the line condit.oner. During this re-wiring,
external water tight outlets should be incorporated so that power needed

outside the van could be easily. accessibie and the doors on the van can

remain closed at all times;

* Additional work bench area and storage space should be .ncorporated to

allow more useable work area within the van;

* A secure mounting platform, should be fabricated to support the DARS

electronics package while it resides in the van for test purposes;

* A small de-humidifier should be procured to aid the air conditioner when the

van is located in a high ambient humidity'area; and

* A CO 2 fire extinguisher should be procured for safety reasons.

ci Batteries

. Improvements to the silver zinc batteries should be made to guard against

any further "hot short" melt downs.

84
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INSTRUCTIONS 2....

REV -

APPROVED , ,

OPERATING INSTRUCTIONS

ITEM: SILVERCEL B,-3AZY-

MODEL: 25xPML2500

YARDNEY PART NO: 16950

NOMINAL CAPACITY: 2500 AEE-:3?S

A NOMINAL VOLTAGE UNDER LOAD: -38-75 VOLTS

BATTERY CONDITION (AS SUPPLIED): DRY Tf'l.?ZR,.=.

REPARED

7) F- .1
*.. EL tCTAIC COAPORATIC(N,

"PfOVA VYARDNEY ELECTRIC DIVISION

".;* MeCHANIC STPST",

AiV~/LA~ ~M'.~t~COCNNECTICUT 02891
REV.A ECN 15501 . 5., Io o"
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* YARD:;EY SILERCELY
TYPE. 25xP'4L2500

1.0 I 1;TRCDU7=i oN

1.1 The Yardnev Silvercel Battery is a silver-zinc alkaline battery
whi-h differs considerably from the more familiar lead-acid
battery and to a certain extent from other alkaline bztteries
such as nickel.-cadnin, nickel-iron, etc.

"Silver and zinc are e=mpoyed as the electrodes.. The electrolyte
.is a strong solution of potassiu= hydroxide (KCOH The techniques

for operating t.he "ariney Silvercel Battery are quite simple and
should be followed closely for optimu=m performance.

The 'overall chemical reaction for this battery-is as follows:

Ag+ Z(OH)2 • AgO + Zn + H20 ""

Discharged Charged

I.d These cells are manufactured in the dry charged condition, i.e.,
after the addition of the proper amount of .lectrolyte and elapsing'

* of the proper soaking time, the battery is ready fir use.

2.0 DESCRI.1-T " OF - _•. -" A'T

2.1 The battery is an assembly of 25 series connected PML 2500 cellt,
contained in an alurinum frame, -Me approximate overall dimensions,

L of the battery are:' 25.062 in x 26.062 in. square x 21.5 in. high.
"The approximate- weight of the battery is Dry - 813 lbs., Wet
953 lbs.

*3.0 PRECAUT1.I10ý S

3.'- Precautions for Hardlina Electrolyte.

3.1.1 General Co-r.ents

The electroly.te (a strong solution of potassium hydroxide) is alkaline
", and corrosive. it should be handled with care. If neglected the

electrolyte will cause serious burns when it is permitted to'come in
contact vith the eyes or:skir. Alkali-procf apron, rubber gloves,
and splaishproof gogles~or a face mask arp recommended for personnel
"engaged in the handling of the, electrolyte.

3.1.2 Antidotes, Internal

3.1.2.1 Give .rge quantities of water and a'weak acid. solution such as vinegar,
lemon juioe, or crange Juice. Follow vith one of the following: white-
or-egg, olive oil, starch water, mineral oil,.or melted butter. Obtain
medical attention at once. . -
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3.1.3 Antidotes, External

3.i.3.1 For the Skin: Wash the 'affected area with large quantities of water.'
Neutralize with vinegar, lemon juice, or .50 acetic acid and wash
with water. 7f irritation persists, or if extensive areas are
affected, obtain nedical attention.

3.1.3.2 For the Eyes: Wash with saturated solution of boric acid, or
flooi with water. Use this first-aid treatment until. medical aid
can be summoned.

3.2 Precauticns for .a-.an-!ing the 2atterv

3.2.1 The battery is capable of supplying unusually high currents if it is
accidentally shorted. A prolonged short may cause serious burns .3
personnel and may destroy the battery. To avoid accidental short
circuits, a.!! tools used in connection with the battery or cells'must
be properly insulated with a double layer of electrical tape or varnish.

14.0 BATTERY ACTIVA-'::.

NOTES: 1. Batteries not to be used within 30 days o. -eceipt should
be stored in the dry condition.

2. For batteries shipped in the formed, wet and charged, or
formed, wet and dischargei condition, skip to paragraph

4.1 Each battery is furnished with a filling kit containing the following
items:

ITEM Q.UANTITY DESCRIPTIOm-N.

A60 32 oz. Polyethylene Bottles containing 815 cc-

of Electrolyte 'A' (150 KO4) (2 bottles per' cell) ..

2. 1 Funnel

3 1 Entrainment Eliminator Assy., P/N 15979

4 l'Set Operating Ii'structions (O.P. No..421-22) -

4.2 To properly fi.ll o0ach cell of the battery with electrolyte, proceed as
follow3:

(a) Unscrew the entrainment eliminator asseritly from each cell.
Retain, as it will be replaced after filliiig.

(b) Place the funnel provided in the filling kit into the cell vent
hole.

4-2
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- (c) Remove the cap from an electrolyte bottle containing 815 cc
of electrolytt.

- (d) Pour about half the contents of the electrolyte bottle into
"the funnel. 'When this electrolyte has been transferred into

" the cell by gravity, pour the other half very slowly into the
funnel. Do not remove the funnel until all the electrolyte has

S" -entered the cell.

(e) Repeat steps (c) and (d) until two (2) bottles of electrolyte

"have been trinsferred into the cell. Save the funnel for use
"in other cells.

CAUTION

(1) Pouring the last part of the electrolyte too
quickly may result in overflow of electrolyte
through the vent hole.

"(2) To avoid errors, fill one cell at a time.

. (f) Using rags, remove any electrolyte spillage and debris from cell
tops and replace the entrainment eli-inator.

*: 14.3 Preferred Filling ?roced.ure (Vacuum Fillin•)

,4.3.1 Equioment Requi-red

. [-' a. Vacuum Pump and Associated Hardware

b. Vacuum Cylinder

Sc. Rubber Gloves

d. Face Mask or Goggles

'4.3.2 Procedure

, (a) Remove entrainment eliminator cap and bubble breaker material
(white netting) from entrainment eliminator assembly. Retain
for future use.

(b) Set up vacuum pump and trap assembly (Appendix 1).

S(c) With entrainment eliminatcr in place , lightly push rubber stopper
into eliminator hole.

-3-
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(d) Remove cap from one (1) electrolyte bottle and lightly push
ribber stozre' into bottle opening. Ensure pick-up tube is
within .125 inch maximu;m of bottom of bottle and valve, Nc. 2
is closed.

.(e) Open valve No. 1, start vacuum pump and slowly increase to
20-25 inches on vacuum gauge and hold for five (5) minutes.

(f) Close valve No. I and open valve No. 2 to allow KOH to enter
the cell. Close valve No. 2 and repeat steps (e) and (f)
again.

(g) Remove the empty bottle from the assembly. Repeat steps (d),
(e) and (f) for a second bottle. IN-RTANT": Each cell requires
two (2) bottles of electrolyte.

(h) Install bubble breker material and replace entrainment eliminator
cap.

(i) Using rags, rencve any electrolyte spillage and debris from cell
tops.

(J) Continue the vacuum filling process for all remaining cells.

4.4 Soak - Allow battery to soak a minimum of 721 hrs., then booster charge. .

5.0 CHARGING PROCEDMRE

.5.1 General

5.1.1 F6r best results, all charging should be done'at an ambient temperaturxe
of 65 0F to 90 0 F.

5.1.2 Charging can be accomplished by either the modified constant potential
or the constant current method. While the constanit current .method
provides the fastest means of achieving a. normal input,, the modified
constant potential method requires less personal attention and less
complex equipment.

WARNING

The battery voltage, while charging, should not
be allowed to exceed 50.5 volts during 4ny A
charge. Adequate input is norma1llk obtained

at this point. If charging is not stopped, it
will cause excessive gassing, detrimentally
affectintg the cells.

-4-
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5.2 Booster Charging

In the event an activated charged battery is subjected to 4n extended ._
. wet stand period (in excess of 30 days), it is normal to experience

a slight drop in capacity for the succeeding discharge cycle. If.
after activation (in the dry charge state) or at the end of the wet
stand condition (in the charged condition), it is desired to raise
capacity to a maximuim level before discharge. Then the battery may
be booster charged as per either method below.

513 Modified Constant Potential Charging Method

This type of charge system consists of' a cbnstant voltage supply
modified by a current limiting circuit or resistor. A potential. z
55.0 volts is recoum.ended. For opti.m perfonance,, when char7 -n..
by this method, the inrush current should not exceed 30 amperes. No 4

current adjustments are required during the rest of-the charge.

5.4 Constant Current Charing Method

I A Charge the battery at a constant current c- 20.0 amperes, until the
battery voltage, while-charging, reaches 70.0 + 0.2 volts. It should
be noted that the current will have to be adjusted throughout the charge.

6.0 MAINTENANCE ??OC U'E

6.1 A minimum of maintenance is usually required'to keep the Silvercel.
battery in optimum operating condition. -Cell tops and terminals should
be kept clean and dry.

6.2 To assure maximum intercell conductivity, it isalso recommended ,o -to
check occasionally the tightness of the caps of intercell connectors. ,
Each cap should be tightened to a torque of 30-40 inch-pounds.

CAUTION '

Do not loosen or tighten the preset
nut at the base of each cell terminal.

-5-.
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Addend,.ým 7o 0.P. 421-22

A-i Detection. of 7-+. -Shorts

a. General - Shorts will usual!.. be detected from cell voltage readings. 7-ere-
fore, the key to early detection of developingsishorts is-the rericdlc checkinr
of cell voltages. For this purrose, the exact voltage of a particular cell
is often less important than its voltage relative to all the other cells in
the battery.

"Cell voltages are monitored via the pigtails on the intercell connectors.
When the battery is on open circuit, the resistance between a cell terminal
and the point of measurement at the pigtail will not affect the readinrg. Dur-
ing charge and discharge, voltage drop in the terminal, connector anrd contacts
could affect the ,ioltage reading. However, with the low rates of charge and
discharge in this application, connector resistance will not be a significant
factor.

Scan the voltage of every cell in the battery at least once during every 24
hours. This includes the time when the battery is on open circuit. Scanring
during charze and iischarge must be more frequent. If a cell's voltage b•_.ns
to drop when the remainder of the cells are maintaining a voltage level .. ar.

rising, a short nay be present. Personnel are thereby alerted to monitzr that
particular cell and confirm or disprove whether there is, in fact, a sh3rt.

b. Charred Stand - A cell would be suspect if the voltage dropped belo- 1.850 volts.
The rate of drop derends on the magnitude of the shcrt and the state of charge
of the cell. if the cell is partially discharged rathein than fully charged,
"three days 7ight be required for the voltage to go from 1.85 to 1.84 volts. A
sizeable short would usually show up within h8 hours on stand. in7ediancýy af=er
any full charge, a cell OCV must read at least .. 8507. Anything less thrn i.3C10

* is a sign of a short and action must be irmediately taken per A-3.

.-.' c. Charge During most of a charge, cell voltage is near one or two voltage -ia-
• teaus. These plateaus or levels vary with charge rate and the ege of the cel•,

but are in the 1.6+ and the 1.9+ volt range. There is a transition period
between vcltage levels in which the voltage may peak an.d fall back ncrmally.

Furthermore, if the battery is only partially discharged, the first (1.67) level
may be short or non-existent. Allow 15 to 30 minutes after the last cell makes
"the break upward from the first to the second level before trying to evaluate

., cell condition.

*.Ifa cell continues to decline through several successive readinrs. the cell

is probably snorted. Stop the charge, verify per A-2b and take action per A-3.

d. Discharge - The fact that a cell limits the discharge dces not a(itomatically
mean that cell has a short, since it could be out of balance for other reasons.
If, after all cells are on the long, relatively flat portion of th3 discharge
curve, one cell is 0.06 volt or more lower than the next lowest cell, a shorý

*J might be suspected.

L",



A-2 Verificati.:n

a. Ch.ar Ce Stnd - Cn.e a suspicious condition is indiated, check the immediate
past his.or; of the battery to see -if it might be less than fully charged.
Check the volt-age at the :ell's term.inals to see if it differs from that read
at the pig-tails. if both checks are negat .e, the cell is shorting.

b. Char. e - Once a cell is suspected of having a short, continue to monitor and
record the cell's vcltage. If the downward trend continues for 30 minutes,
the cell is shorting.

c. Discharre - if a cell has developed a short during discharge, the voltage ma'y
recover somewhat once the 1oad is removed. Let the battery stand for an hour.
If, during that period, the voltage of the susoected cell starts or continues
down, the short iz confirmed and the battery should not be recharged. Actio -.
must be taken ner A-3. if, at th" en'd of the hour, the voltage has not started
down-, recharge with frequent monitoring using the indications in A-IC as a
guide.

A-3 Action

a. Slow Short - A cell with a short should be replaced as soon as feasible, With
a slow short:

1. Isolate the ba.ttery.

2. Discharge the cell to O v-olts. Remove quick disconnect bus to permit
attachin- a la.d such as a resistor to the terminals. The discharge rate
should not exceed the l.CA rate.

3. Replace shorted cell with' a spare cell.

b. Hot Short - if the short is of such a magnitude that the voltage is dropping
rapidly:

I. Isolate the battery.

CAUT.ON: Miere is a small amount of mLrcur, in the negative-
electrodes. This.,may vaporize during a hot short
and sorle may be carried out in gas or boilin. elec-
trolyte. Avoid contact with or breathing vapors in
the immediate area of a casualty. in the event of
a short resulting in smoke or fire, isolate the area
"and notify the officer-in-charge ,or medical officer.

2. Recognize that la.ge quantities ofgas are probably being evolved and
that they are likely to be flamwable.

3. Permit cell to discharge itself.

14. Replace cell with spare.

c. Cell Replacement - Replacement of a cell, including removing the shorted one
and installing a new-one, is described below. Review the precautions in
"Section 3 of the main body of the O.P.
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c. Cell Pe.l-ze.ent (C..... )

"". RemQoe shorted cell.

a) Have a terlacement cell at hand, braced in the direction ertendicu• -
lar to the plane of the electrodes. Do not remove bracing until the
defective cell is out of the battery.

b) Remove the intercell connectors from the cell ti be replaced and frCr
the adjacent two cells. Unscrew the caps and lift the connectors free.

c) Reinstall one end of each ccnnector for use as a handle for liftin . .

d) Reduce the pressure in the battery by removing one or more of the
side shims if possible.

e) Lift, the cell from the pack by exerting a steady upward force.

f) Place shorted cell in a secure area. If there is evidence of smske .
or vigorous gassing, remove entrainrnent eliminator and immerse cell
in water.

2. Install new cell.

%[ a) Pemove cell bracing.

b) Ust thin metal or plastic shims ,s guides tc start the cell into the
pack'.

c) Lubricate cell case with mineral oil -r tale.

d) Check to be sure terminals are orientad'properly, relative to the rest
"of the battery.

m e) Push cell into place.

f) Do not attempt to replace side shim(s).
"]g) Install new ntercell connectors, if. available. If not, use original

connectors. Dip pins of intercell coninectors in mineral oil prior to
insertion into cell terminals.

Vt
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29 Oct. 1982

MSS83

SHIPBOARD PORTABLE INSTRUMENTATION VAN

MINIMUM SPECIFICATIONS

REQUISITION NUMBER "_,_____

1. OVERALL DIMENSIONS:

8 feet wide by 12 feet long by 8 feet, maximum external height.
Inside ceiling height shall be a minimum of 6 feet, 6 inches to
the florescent fixtures.

2. ROOF: The'roof shall be 2-1/8 'inches thick laminated panel roof. The
exterior member shall be 1/4 inches A/C exterior grade fir ply-
wood. The interior finish shall be aluminum with a baked white
enamel 'finish which, is bonded to 1/4 inch A/C exterior grade
fir plywood. The exterior and interior members to be glued and
pressure bonded to 1-1/2 inch of high density flame retardant
expanded polystyrene foam insulation. Prior to fiberglassing
all cracks and voids, shall be filled with hnn4o and sanded
smooth. The exterior shall be completely fiber glassed, white --

with a mixture of polyester resin and chipped fiberglass sprayed -
uniformly over the complete roof surface.

3. EXTERIOR WALLS:

The walls are to be laminated consisting of plywood exterior,
1-1/2 inch high densityflame retardant insulation and an
interior of 3/8 inch plywood over layer with prefinished light
birch 1/4 inch paneling. The entire exterior including roof is
to be coated with 1/8 inch chopped roving fiberglass with gel
coat finish.

4. DOORS: See enclosures 1, 3, 5. Large equipment access door opening
is to be 72 inches wide by 6 feet, R inches high with, no sill
as per, Enclosure 3. Personnel door is to be 36 inches wide by
6 feet, 8 inches high as per Enclosure 5. Swing directions and
location of bott doors' are shown on' Enclosure 1. All door open-
ings to be water splash tight mounted with stainless piano hinges
on galvanized steel frames. Aluminum drip hoods'shall be instal- -

led over each door opening. Latching hardware shall be Kason 877
padlocking pull handles. "

5. FLOOR: See Enclosure 1. The floor shall be 2-5/8 inches thick panel
floor consistinc of 1/4 inch A/C exterior grade plywood on the -

exterior bonded to 1-1/2 inches of high density, flame retar-
dant polystyrene foam insulation. The interior plywood is 3/4
inch A/C e)teri(r grade fir plywood which is in turn glued and
pressure b(,nded te the foam insulation. The panel is attached
to the floo" jo st,' with self tapping screws. The bottom shall
be undercoat,?d ith a heat resistant petroleum asphalt base ma-
terial. The l or shall be fiberglass coated. On area shown as
Area A, floori• 'dill consist of 1/4 inch thick diamond studded
steel to be weli'ed directly to channels.

•1 .'"___________



6. SKID: Two full length runners of 10 wf 22 steel beams with three WF
beam crossmembers. Skid ends shall be 4 inch schedule 80 steel
pipe. Floor joist under diamond studded steel plating shall be
CS x 6.7 channel on 12 inch centers. Floor joist under panel
floor shall be 2-1/2 inches by 2-1/2 inches by 1/4 inch steel
angle on 24 itch centers. All welded construction. Skid shall
be dimetcoted.

7. WORKBENCH:

Work bench is to be constructed as shown in Enclosure 7. To .
be constructed of I inch plywood with formica laminated top.

8., SLING:

A lifting sling capable bf supoorting van for shipboard load-
ing, unloading operations is to be provided. Also,,a spreader
assembly shall be provided so that the cable sling does not
come in contact with the uoper edge of the exterior walls.

9. AIR CONDITIONER:

18,000 to 20,000 BTU air conditioner/heat pump to be installed 4
on wall shown on Enclosure 4. Note: AC unit is to be placed
up as high as possible on wall.

10. ELECTRICAL:

* All wiring shall be done following the National Electrical
Codes.

* All wiring shall be copper and wire size chosen according
to amnperage requirements of circuit.

* Conduit shall be used to cover all wiring.

& See Enclosure 6, pages 1 and 2 for specific circuir des-,
criptions.

* Gaub entrances shall be 3" threaded PVC pipe and caps. Caps
are to'be located on the outside of the building structure.

11. ENCLOSURES:

1. Floor plan

2. Wall "A" plan

3. Wall "B" plan

4. Wall "C" plan

5.. Wall "0" plan 4

6. Electrical plan

7. Work bench
.4%
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iSS USER'S MANUAL kAui z

10NRTRODUCT ION

1.0.

THE MSS USER'S MANUAL IS WRITTEN AS A REFERENCE IN THE USE,
U. & OPERATION OF ANY OF THE THREE (3) MICROCOMPUTER SYSTEMS USED

DURING MSS SYSTEM TESTING AND/OR DEPLOYMENT: (1.) THE DATA AC-
QUISITION CONTROLLER CDAC], (2.) THE DATA STORAGE CONTROLLER
EDSC). AND THE SHIPBOARD/MOSTEK RECORDING & DIAGNOSTIC SYSTEM
EMOSTEK].

THESE THREE (3) SYSTEMS SHARE CERTAIN COMMON COMMANDS &
"FEATURES, AND DIFFER IN THOSE FUNCTIONS WHICH ARE UNIQUE TO EACH
SYSTEMS' INDIVIDUAL HARDWARE CONFIGURATION (E.G., THE D/A CON-
VERTER ONLY EXISTS IN THE MOSTEK, THEREFORE ONLY THE MOSTEK
"POSSESSES THE D/A DIAGNOSTIC/TEST FUNCTIONS). THE USER SHOULD
FIRST BECOME FAMILIAR WITH THE PURPOSE & CAPABILITY OF*A SYSTEM
BEFORE ATTEMPTING TO USE ITS SYSTEM CONSOLE. A COPY OF THE
'LINK MAP' FOR A PARTICULAR SYSTEM THE USER NEEDS TO WORK WITH,
SHOULD BE EXAMINED FIRST, TO FAMILIARIZE THE USER WITH THOSE AD-
DRESSES WITHIN-SCRATCH RAM WHICH ARE FREE (NO LABELS DEFINED FOR.
THIS AREA), AND THEREFORE AVAILABLE TO THE USER FOR EXPERIMENTA-
TION, ETC...

EACH COMMAND DOCUMENTED IN THIS MANUAL, IS ACCOMPANIED WITH
A LIST OF THE SYSTEMS IN WHICH IT MAY BE FOUND. THOSE COMMANDS
"WHICH ARE COMMON TO ALL THREE (3) SYSTEMS ARE LISTED AS
'AVAILABLE ON' THE DAC, DSC, & THE MOSTEK. IN ADDITION, THERE
ARE SEVRAL SPECIAL PURPOSE COMMANDS & KEYS WHICH ARE DESCRIBED"
IN THE .'SPECIAL COMMANDS/CONTROL CHARACTERS SECTION'.

p.,



MSS USER'S MANUAL PAGE 3
'-ECIAL COMMANDS/CONTROL CHARACTERS

"2.0 MSS SYSTEM COMMANDS

2.1 SPECIAL COMMANDS/CONTROL CHARACTERS,
b

THERE ARE SIX (6) SPECIAL COMMANDS & KEYS AVAILABLE TO THE
USER IN ALL SYSTEMS, TO ALLOW THE USER TO CANCEL COMMANDS, START
"& STOP SYSTEM CONSOLE DISPLAY, AND RE-TYPE A PREVIOUSLY ENTERED
COMMAND '-:R A CORRECT FORMAT CHECK.

2...l CONTROL C [.C]

THE 'CONTROL C' [4C] CHARACTER, ENTERED BY STRIKING THE
'CTRL' & 'C' KEYS ON THE KEYBOARD SIMULTANEOUSLY, CPS BE USED TO

- CANCEL A PARTIALLY ENTERED COMMAND. OR.TO TERMINATE SUCH FUNC-
TIONS AS A 'DISPLAY OF MEMORY'. THE ýC-RESETS ALL SYSTEM CON-
SOLE I/O, BY PURGING ALL COMMAND LINE BUFFERS AND OUTPUTTING, A
NEW COMMAND PROMPT ON THE SYSTEM CONSOLE (' ').

2.1.2 CONTROL 0 [VQ]

THE 'CONTROL Q' E^Q) CHARACTER, ENTERED BY STRIKING THE"
"*[" 'CTRL' & 'Q' KEYS ON THE KEYBOARD SIMULTANEOUSLY, IS USED TO RE-

SUME SYSTEM CONSOLE OUTPUT, PREVIOUSLY SUSPENDED BY THE '-S-
COMMAND.

-.3 2.1.3 CONTROL R [4R]

THE 'CONTROL R' [ER) CHARACTER, ENTERED BY STRIKING THE
- 'CTRL' & 'R' KEYS SIMULTANEOUSLY, RE-ECHOES THE CONTENTS OF THE

CURRENT COMMAND LINE BUFFER, ON THE SYSTEM CONSOLE. THIS ALLOWS,
- THE USER TO REVIEW A PARTIAL COMMAND WHICH HAS BEEN ENTERED, AND

MODIFIED TO THE EXTENT THAT IT IS NOT EASILY RECOGNIZABLE TO THE,_
USER.

" 2.1.4, CONTROL S [4S]

THE 'CONTROL S' VýS] CHARACTER, ENTERED BY' STRIKING THE
'CTRL' & 'S' KEYS SIMULTANEOUSLY, SUSPENDS ALL OUTPUT BY THE
SYSTEM TO THE SYSTEM CONSOLE. THIS SYSTEM' CONSOLE OUTPUT CAN
ONLY BE RE-STARTED BY THE USER ENTERING THE '' CHARACTER.



:-ECIAL COMMANDS/CONTROL CHARACTERS

-. 2.1.5 ESCAPE CESCI

THE 'ESCAPE' KEY EESC]I, CAN BE USED TO TERMINATE THOSE
S FUNCTIONS WHICH MONITOR THE 'ESCAPE/ABORT FLAG' WITHIN THE

'SYSTEM CONSOLE STATUS BYTE'. CURRENTLY, THE ONLY
COMMAND/FUNCTION WHICH RECOGNIZES THE 'ESCAPE' KEY AS ITS TERMI-
NATOR IS THE D/A CONVERTER DATA PLAYBACK UTILITY.

2.1.6 RUBOUT [DELI

THE 'RUBOUT' OR 'DELETE' KEY [DELI, CAN BE USED TO DELETE

THE CHARACTER OR CHARACTERS JUST ENTERED BY THE USER. EACH

CHARACTER DELETED IS ECHOED AFTER A '/' CHARACTER ON THE SYSTEM
'CONSOLE, AND IS SUBSEQUENTLY ELTMINATED FROM THE SYSTEM'S COM-

MAND LINE BUFFER.

S "

a ".

I.

.•.

9 -



ISS USEK'S MANUALJ ~u.~
");5PLAY FFT BIN'S [BIN]

.2.2 MSS FUNCTIONAL COMMANDS

0 AVAILABLE ON:
FFTSYS

- THE DISPLAY FFT BIN'S COMMAND ALLOWS THE USER 'TO DISPLAY
• ALL Ot PART OF A FFT'S. BIN POINTS THE DISPLAY OF PART OF THE

FFT'S BINS REQUIRES THAT THE OPERATOR INPUT TWO PARAMETERS WITH
THE 'BIN' COMMAND, THE START AND END FFT-BIN NUMBER. THIS FUNC-
TION ASSUMES THAT THE OPERATOR HAS PREVIOUSLY PERFORMED i14- FFT,

- AND THE DATA FROM IT IS STILL PRESENT IN THE FFT SYSTEM'S MEMO-
RY. SHOULD THE OPERATOR ATTEMPT TO DISPLAY A FFT'S BINS BEFORE,
"ANY FFT COMPUTATIONS HAVE BEEN PEFORMED, THE RESULTS WILL BE AS

" RANDOM AND MEANINGLESS AS THE OPERATOR'S RATIONALE BEHIND SUCH
AN ACTION. THE FORMAT OF THE COMMAND IS AS FOLLOWS:

* BIN<RET,

OR

"" BIN SBIN EBINCRET>

WHERE: SBIN = START FFT BIN NO.
. [RANGE: 1 TO 1024]

EBIN = END FFT BIN NO.
.RANGE- 1 TO 1024 AND

EBXN >- SBIN.

EXAMPLE:

> BIN 1 256<RET> ; DISPLAY FFT FROM BIN
* NO. i THRU NO.. 256

°. o.

I''
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E-P COMMAND [BIP)

AVAILABLE ON:
DAC

S

THE 'BIP' COMMAMD ALLOWS THE USER TO COMMAND THE BIP IN ONE
* OF THREE MODES: INITIALtZE EG), SINGLE FREQUENCY CALIBRATION

"["I, OR FULL FREQUENCY CALIBRATION [Fl. IN ADDITION, TWO OTHER
PARAMETERS ARE AVAILABLE TO THE USER TO ENABLE THE DISPLAY OF
"BIP STATUS EACH TIME IT IS RECEIVED CY), OR TO DISABLE THE DIS-
PLAY OF BIP STATUS [N: 'DEFAULT CONDITION]. IF A BIP INITIALIZE
COMMAND IS ISSUED, AND THE BIP IS SUCCESSFULLY INITIALIZED, A
MESSAGE OF "WARNING: BIP INITIALIZED" WILL BE DISPLAYED ON THE
DAC SYSTEM CONSOLE. IF EITHER A SINGLE OR FULL FREQUENCY BIP
"CAL IS REQUESTED, AN ERROR MESSAGE OF "ERROR: BIP CALIBRATION
ABORTED" WILL BE OUTPUT ON THE DAC SYSTEM CONSOLE IFF THE CAL
COMMANDS ARE NOT PROPERLY ACKNOWLEDGED (USUALLY DUE TO THE AB-
"SENCE OF THE BIP ITSELF). THE FORMAT OF THE COMMAND IS AS FOL-
LOWS:

BIP X<RET>

WHERE: X = F, FULL FREQUENCY CALIBRATION (USING
FIXED FREQUENCY TABLE):

"14 SEC. OF EDME CAL.
[CAL. STATUS = lIBI

72 MIN. OF BIP CAL.
- [CAL. STATUS = 10B]

60 SEC. OF HA CAL.
[CAL. STATUS =. SiB)

"" G, BIP INITIALIZATION
-'N, NO BIP STATUS DISPLAY [DEFAULT]

S S, SINGLE FREQUENCY CALIBRATION:
32 SEC. OF 1 HZ. BIP CAL

"(STATUS - 1OB)
60 SEC. OF HA CAL. (STATUS =

• "0iB)
. Y, SIP STATUS DISPLAY

FOR EXAMPLE:

BSIP Y<RET> D bISPLAY BIP STATUS

*. °" * . * . .~'
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-`SPLAY MEMORY COMMAND [D]

AVAILABLE ON:
DAC
DSC
MOSTEK
FFTSYS

THE DISPLAY MEMORY COMMAND ALLOWS THE USER TO DISPLAY ANY
"* RANGE OF MEMORY, WHETHER IT BE EPROM.OR RAM, ON THE SYSTEM CON-

SOLE. THE ONLY PARAMETERS REQUIRED ARE THE START & ENDING AD-
DRESSES (INCLUSIVE) OF THE MEMOR7: TO BE DISPLAfED. THE FORMAT

.o OF THE COMMAND IS AS FOLLOWS:

D ADDR1 ADDR2<RET> I

WHERE: ADDR1 = THE START MEMORY DISPLAY ADDRESS
ADDR2 = THE ENDING MEMORY DISPLAY

ADDRESS
ALL PARAMETERS IN HEXADECIMAL

FOR EXAMPLE:

• D 7000 70FF<RET> ; DISPLAY MEMORY IN THE
RANGE 7000H -- > 70FFH

* •

o"° .I,

.- I

S. - I
- *S j*. S* *- *.



SIMP HCD-75 DATA BLOCK COMMAND IDMPj

AVAILABLE ON:
DSC
MOSTEK

THE DUMP HCD-75 DATA BLOCK COMMAND ALLOWS THE USER TO DIS-
PLAY THE CONTENTS OF ONE OR MORE HCD-75 DATA BLOCKS ON THE SYS-
TEM CONSOLE, AS THEY ACTUALLY APPEAR ON TAPE. THE FORMAT OF

- THIS COMMAND IS AS FOLLOWS:

DMP TBBB LL<RET>

WHERE: TBBB = THE START TRACK/BLOCK #
- TO BEGIN DUMPING DATA FROM

LL = THE NUMBER OF BLOCKS TO
BE DUMPED

* ALL PARAMETERS IN HEXADECIMAL

FOR EXAMPLE:

SDMP 0000 I<RET>

L

* ..I..

.,.
* 0 " . . . . .-

.+°---t-. - . . . . .. .



C CIMMUNICATIONS COMMAND [DSC]

AVAILBLE ON:
DAC

THE DSC COMMUNICATIONS COMMAND ALLOWS THE USER TO ENABLE
COMMUNICATIONS THROUGH THE PRIMARY CPU COMMUNICATIONS CHANNEL
WITH THE DSC. THIS COMMAND SHOULD ONLY BE USED WHEN NOT IN THE
DEPLOYMENT MODE (I.E., BEFORE THE, 'GO' COMMAND HAS BEEN EN-
TERED). ENABLING COMMUNICATIONS WITH THE DSC WILL ALLOW THE DAC
TO PASS ALL ACQUIRED DATA (SP-Z,MP-Z,MI-N,MP-E,SP-ZB,SP-N,SP-E)
TO THE DSC FOR RECORDING ON THE HCD-75 TAPE DRIVES (THIS COMMAND
IS USED WHEN THE 525 BYTE DATA FORMAý rS IN USE). THE USER MUST
MAKE SURE THAT A HCD-75 TAPE DRIVE' !..-2 BEEN PROPERLY POWERED-UP
I'N THE DSC USING THE "PUP" COMMAND, FORE THE DATA TRANSMISSION
TO THE DSC IS INITIATED. THE FOF•AT OF THE COMMAND IS AS FOL-
LOWS:

DSC <RET>

(.o

-'..°,
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MSS USER'S MANUAL PAGE 10
'-. AMINE MEMORY COMMAND [El

AVAILABLE ON:
DAC
DSC

SMOSTEK
FFTSYS

THE EXAMINE MEMORY COMMAND ALLOWS THE USER TO EXAMINE, AND
-IF DESIRED, MODIFY THE CONTENTS OF ONE OR MORE BYTES OF RAM.

THE USER INITIALLY ENTERS AN ADDRESS. WHICH IS LOADED INTO THE
OPEN MEMORY POINTER. THIS POINTER IS THEN INCREMENTED EACH TIME
"THE USER MODIFIES A BYTE-OF RAM. OR STRIKES THE SPACE BAR. THE
USER CAN TERMINATE THE EXAMINE MEMORY MODE BY STRIKING THE RE-
TURN <RET> KEY. THE FORMAT OF-THE COMMAND IS'AS FOLLOWS:

"E ADDR1(RET>

WHERE: ADDR1 = THE MEMORY ADDRESS TO BEGIN
.. EXAMINING

"..ALL PARAMETERS IN HEXADECIMAL

- .FOR EXAMPLE:

. E 7E80RET> ; EXAMINE ADDRESS 7E80H
K 7E80 00 55 ; MODIFY 7E80H -- > 55

7E81 00 SPACE BAR ; SKIP ADDRESS 7E81
7E8200AA ; MODIFY 7E82H -- > AA
7E83 00 <RET> ;TERMINATE COMMAND

-I-
I.k°

* -A.
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PF.SITION TAPE AT END OF TAPE EEOT)

AVAILABLE ON:
DSC

-• THE POSITION AT END OF TAPE COMMAND ALLOWS THE USER TO PO-
". SITION ANY 'POWERED-UP' HCD-75 TAPE TO THE END OF THE PHYSICAL

i .TAPE (I.E., THE FIRST BLOCK OF ANY 'ODD' TRACK). THE POSITION-
ING OF ALL HCD-75 TAPI.S IS A PREREQUISITE TO DEPLOYING THE MSS
SYSTEM. THE HCD-75 TAPE TO BE POSITIONED AT EOT MUST BE

*- POWERED-UP USING THE "PUP".COMMAND PRIOR TO THE ISSUANCE OF THE
"EOT" COMMAND. AFTER THE TAPE HAS BEEN POSITIONED AT EOT, THE

. CONSOLE PROMPT IS OUTPUT ON THE DSC SYSTEM CONSOLE, AND THE SYS-
TEM CONSOLE IS THEN AVAILABLE FOR USE (DURING THE EOT TAPE POSI-
TIONING, THE DSC SYSTEM CONSOLE IS UNAVAILABLE TO THE USER).
AFTER A TAPE HAS BEEN POSITIONED AT EOT, THE USER MUST ISSUE A.
'SYSTEM RESET''TO POWER-DOWN THE HCD-75 TAPE DRIVE. THE FORMAT
OF THE EOT COMMAND IS AS FOLLOWS:

I ,LEOT<RET>

I

e- ,

.0 °

0•` . . . . .

• .*

.



MSS USER'S MANUAL PAGE 12
P-ST FOURIER TRANSFORM COMMAND [FFT)

AVAILABLE ON:
- FFTSYS

THE FAST FOURIER TRANSFORM COMMAND PROVIDES THE USER WITH
THE CAPABILITY OF COMPUTING A SIMPLE 2K FFT ON ANY DEFINED CHAN-

"' NEL OF DATA (SP-Z, SP-ZB, SP-N, SP-E, HYDRA-ACOSTIC, MP-Z, MP-N,
OR MP-E) WHICH IS RECORDED ON A MSS FORMATTED HCD-75 DATA CAR-
TRIDGE. THE FFT COMMAND REQUIRES THAT THE OPERATOR ENTER THE

"* START TRACK/BLOCK ADDRESS OF THE FIRST MSS FILE TO EXTRACT THE'
DATA FROM, ALONG WITH THE CHANNEL I.D. NUMBER. THE CHANNEL

. I.D. NUMBER IS THE SAME AS THOSE USED FOR THE REAL-TIME D/A
DISPLAY COMMAND, PLAYBACK D/A DISPLAY COMMAND, ETC..'. THE FFT

- COMMAND PROCESSES 2K (2048.) SAMPLES OF THE EDME DATA RECORDED
ON THE TAPE. FOR SP CHANNELS AND HYDRA-ACOUSTIC ONLY 1 MSS FILE
J IS REQUIRED, WHILE THE MP CHANNELS WILL REQUIRE 9 MSS FILES TO

"* EXTRACT ALL 2K SAMPLES (NOTE: FILE LENGTH = 31 BLOCKS). THE
FFT WILL BE 'AUTO-NORMALIZED' BASED UPON THE LARGEST FFT BIN

* - POINT FOUND, UNLESS A THIRD PARAMETER IS INCLUDED IN THE FFT
COMMAND LINE. IN THIS CASE, THE NORMALIZATION FACTOR CURRENTLY_
IN MEMORY IS USED, AND WILL CONTINUE TO BE USED UNTIL THE FFT
COMMAND IS ALLOWED TO COMPUTE A NEW NORMALIZATION FACTOR BY THE
EXCLUSION OF THE THIRD.PARAMETER IN THE FFT COMMAND LINE. THE
FORMAT OF THE COMMAND IS AS FOLLOWS:

FFT TBBB C N<RET>

WHERE: TBBB = START MSS FILE TRACK/BLOCK
ADDRESS (HEX)

* C = CHANNEL NO. I.D. :
0=SP-Z
1 i MP-Z

S2= MP-N
3 MP-E
4 HYDRA-ACOUSTIC
5 SP-ZB
6 - SP-N
7 SP-E

N = IF PRESENT, NO AUTO-
NC RMALIZATION WILL OCCUR

EXMAPLE:

>FFT 2017 1 I<RET> ; COMPUTE THE FFT FOR MP-Z
; T TRACK/BLOCK 2017. DON'T
A AUTO-NORMALIZE THE FFT

I * . -
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F-EL MEMORY COMMAND [F]

"AVAILABLE ON:
DAC
DSC

* MOSTEK

THE FILL MEMORY COMMAND ALLOWS THE USER TO FILL A SPECIFIED
RANGE OF MEMORY (RAM ONLY) WITH A GIVEN 8-BIT VALUE. THE USER
MUST SUPPLY lhE START & ENDING ADDRESSES, AND THE 8-BIT 'FILL'

- VALUE. THE FORMAT OF THE COMMAND IS AS FOLLOWS:

F ADDRI ADDR2 Bi<RET>

'WHERE : ADDR1 = THE START MEMORY FILL ADDRESS
ADDR2 = THE ENDING MEMORY FILL ADDRESS
B1 = THE 8-BIT FILL VALUE
* ALL PARAMETERS IN HEXADECIMAL

FOR EXAMPLE:

i F 7E00 7EFF 00<RET> ; FILL MEMORY IN THE
RANGE OF 7EOOH -- > 7EFFH
WITH 00H

ci

B-,
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I•ITIATE DEPLOYMENT MODE COMMAND EGO]

AVAILABLE ON:
DAC

p.

• ., THE INITIATE DEPLOYMENT MODE COMMAND ALLOWS THE' USER TO PUT
THE DAC IN THE DEPLOYMENT MODE, ENABLING THE FOLLOWING FUNCTIONS

-' WITHIN THE DAC:

(1.) START THE 9 BYTE DATA FORMAT - TIME, DAC STATUS,
"AND DARS SOH INFORMATION ONLY
FOR THE FIRST 4 HOURS

" -(2.) ENABLE SURFACE COMMUNICATIONS
"' (3.) ENABLE PRIMARY CPU CHANNEL COMMUNICATIONS WITH THE
" DSC TO RECORD THE 9 BYTE DATA FORMAT. ON TAPE

(4.) ENABLE STORAGE OF HYDRO-ACOUSTIC DATA
(16 BITS ONLY)

A SYSTEM RESET, A BIP INITIALIZATION COMMAND ("BIP G<RET>"), AND
A TIME INITIALIZATION COMMAND ("TIM DDD HH MM SS<RET>") MUST BE
EXECUTED BEFORE INITIATING THE MSS DEPLOYMENT WITH THE "GO" COM---
MAND ON THE DAC SYSTEM CONSOLE. THE FORMAT OF THE COMMAND IS AS
FOLLOWS (, AND REQUIRES NO PARAMETERS)

GO<RET>

XF

I.

L
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-ITIATE MOSTEK DEPLOYMENT MODE COMMAND [GTM)

AVAILABLE ON:
"DAC

THE INITIATE MOSTEK DEPLOYMENT MODE COMMAND ALLOWS THE USER
" " TO TRANSMIT THE 485 BYTE FORMAT OF THE 1 SECOND DATA BUFFER TO
" THE MOSTEK FOR EXAMINATION OF THE HYDRO-ACOUSTIC DATA THROUGH

THE REAL-TIME D/A. CONVERTER DISPLAY UTILITY. THIS COMMAND FUNC-
TIONS THE 'SAME WAY AS THE 'INITIATE DEPLOYMENT MODE' COM74AND,

" WITH THE FOLLOWING TWO EXCEPTIONS:

_(1.) ONLY 2 SECONDS OF THE 9 BYTE FORMAT ARE SENT TO
THE MOSTEK/SHIPBOARD SYSTEM BEFORE THE 485

". BYTE FORMAT IS SENT
(2*.) THE SECONDARY CPU COMMUNICATIONS CHANNEL IS

ACTIVATED TO COMMUNICATE WITH THE
MOSTEK/SHIPBOARD SYSTEM, INSTEAD OF THE DSC

THE FORMAT-OF THE COMMAND IS AS FOLLOWS:

GTM< RET>

I °'

Ib
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D -75 EXERCISER/DIAGNOSTIC COMMAND [HCD1

AVAILABLE ON:
* DSC

MOSTEK

0

THE HCD-75 EXERCISER/DIAGNOSTIC COMMAND ALLOWS THE USER TO
EXERCISE UP TO A MAXIMUM OF FOUR.(4) HCD-75 TAPE DRIVES, INCLUD-
ING POWER CYCLING, WRITING, AND VERIFYING A TAPE, ALL AT THE
USER'S OPTION. THE HCD-75 EXERCISER/DIAGNOSTIC IS COMPLETELY 77
'MENU' DRIVEN, PROMPTING THE USER FOR EVERY PARAMETER WHICH CON-
TROLS THE CONFIGURATION OF THE TEST TO BE CONDUCTED ON EACH
HCD-75 TAPE DRIVE. A PARTIAL OR FULL TEST CAN BE PERFORMED ON
EACH TAPE, DEPENDING UPON THE TYPE OF TEST THE USER SELECTS WHEN
PROMPTED. A FULL TEST TYPE SIMPLY MEANS THAT ALL TRACKS & - -

BLOCKS OF A TAPE ARE ACCESSED'DURING A FORMAT/WRITE OR VERIFY
PASS. WHEN A PARTIAL TYPE OF TEST IS SELECTED, THE USER MUST,
SPECIFY WHICH TRACKS & BLOCKS ARE TO BE ACCESSED. EACH HCD-75
TAPE DRIVE IS POWER CYCLED AT LEAST ONCE WHEN IT IS POWERED UP.
FOR THE FIRST TEST. IF MORE THAN ONE TEST IS REQUESTED FOR A
PARTICULAR DRIVE, IT IS THE USER'S OPTION AS TO WHETHER OR NOT--
THE TAPE DRIVE IS POWER CYCLED FOR EACH TEST. THE FORMAT OF THE
COMMAND IS AS FOLLOWS:

HCD<RET>

FOR EXAMPLE:

> HCD ; INVOKE HCD-75 FXERCISER/DIAGNOSTIC

DATE [DD-MMM-YY HH:MM) ? 18-MAY-82 12:15<RET>.

DSA LOGICAL T/D # [RANGE: 1-20) ? 1<RET>; SELECT C.

; LOGICAL TD #1

TYPE OF TEST-
[FULL OR PARTIAL] ? P<RET> ; SELECT A PARTIAL

T TYPE OF TEST

START TRACK/BLOCK NO. [RANGE: 0000-FFFF] ? 0000<RET> -a

END TRACK/BLOCK NO. [RANGE: 0000-FFFF] 7 0100<RET>

FORMAT [Y/N) 7 Y<RETN ; FORMAT TAPE

VERIFY [Y/N] ? Y<RET> • VERIFY TAPE

NO. OF TESTS THIS DRIVE [RANGE: 1-2561 ? I<RET>

MORE 3M CARTRIDGE DRIVES [Y/N] ? Y<RET),

DSA LOGICAL TD# [RANGE:1-20J 7 2<RET> ) SELECT
LOGICAL TD #2

TYPE OF TEST

.1
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0-75 EXERCISER/DIAGNOSTIC COMMAND [HCD]

[FýULL OR PARTIAL] ? F<RET> r SELECT FULL TEST
SDEFAULT TRACK/BLOCK

RANGE OF 0000-FFFF

FORMAT [Y/N] ? Y<RET> ; FORMAT TAPE

VERIFY [YIN] ? N<RET> DON'T VERIFY TAPE

"NO. OF TESTS THIS DRIVE [RANGE: 1-256) ? 2<RET>

"POWER CYCLE DRIVE FOR EACH TEST [Y/NI 7 Y<RET>

MORE 3M CARTRIDGE DRIVES [Y/N) ? N<RET-.

TEST #1
HCD-75 STATUS 0000 0000 0101 TDI * 1 TD # 1 LTD # 1 FT'
HCD-75 STATUS 0000 0000 0100 TDI 1 I TD # 1 LTD # 1 VT

TEST #1
"HCD-75 STATUS 0000 0000 0000 TDI # 1 TD # 2 LTD # 2 FT'
HCD-75 STATUS 0000 0000 FFFF TDI # 1 TD # 2 LTD # 2--VT

TEST #2
HCD-75 STATUS 0000 0000 0000, TDI # 1 TD # 2 LTD # 2 FT
HCD-75 STATUS 0000 0000 FFFF TDI # 1 TD # 2 LTD # 2 -VT

HCD-75 FORMAT/VERIFICATION-COMPLETE

a-..

I'

U.

"".- . ":Z5 *S..* = 2S*.*.- ~* . -
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-AD 1-SECOND DATA.BUFFER HEADER [HDR]

"AVAILABLE ON:
MOSTEK

.9-'

THE READ 1-SECOND DATA BUFFER HEADER COMMAND ALLOWS THE
USER TO EXTRACT THE 9-BYTE HEADERS FROM A PRE-RECORDED HCD-75
DATA TAPE, AND DISPLAY ALL HEADERS FOUND ON THE SYSTEM CONSOLE.
ALL TIME INFORMATION, DAC STATUS, AND DARS SOH IS' DISPLAYED ON
THE SYSTFM CONSOLE IN A TABULAR FORMAT. STRIKING THE 'ESCAPE"
KEY (ESC> TERMINATES THIS FUNCTION. THE 9-BYTE HEADERS ARE EX-
TRACTED, BY DEFAULT, FROM THE CURRENTLY SELECTED HCD-75 TAPE
DRIVE, WHICH IS DESIGNATED BY THE "PUP" COMMAND (I.E., THE LAST
TAPE DRIVE WHICH WAS "PUP'ED"). THE FORMAT OF THE COMMAND IS AS
FOLLOWS:

HDR TBBB<RET>"

WHERE: TBBB = START TRACK/BLOCK *,
IN HEXADECIMAL

FOR EXAMPLE:

> HDR 0080<RET> ; DISPLAY THE HEADERS OF THE
; 1-SECOND DATA BUFFERS

BEGINNING AT TRACK/BLOCK 0080

a-,°

I-

I;

~.........
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-'UT PORT DATA COMMAND [I]

AVAILABLE ON:
DAC
DSC
MOSTEK
FFTSYS

THE INPUT PORT DATA COMMAND ALLOWS THE USER TO INPUT AND
EXAMINE DATA FROM ANY DATA PORT IN THE SYSTEM. THE DATA INPUT-
TED FROM THE SPECIFIED PORT IS DISPLAYED ON THE SYSTEM CONSOLE.
THE FORMAT OF THE COMMAND IS AS FOLLOWS:

I PP<RET>

WHERE: PP = THE 8-BIT INPUT PORT
ADDRESS

*** ALL PARAMETERS IN HEXADECIMAL

FOR EXAMPLE:

> I 50<RET> ; INPUT DATA FP.OM PORT 50H
DATA FROM PORT 50 = FF ; DATA INPUTTED FROM

; PORT 50H = FFH

I...

3.. ."

p ---



-ST SP DATA COMMAND ELSP)

AVAILABLE ON:
"MOSTEK

THE LIST SP DATA COMMAND ALLOWS THE USER TO LIST FOUR (4)
"CHANNELS OF SHORT PERIOD (SP) DATA ON THE SYSTEM CONSOLE FROM
TAPE. THIS UTILITY WILL ONLY EXTRACT SP DATA FROM A 525 BYTE
DATA FORMAT TAPE, WHERE SP-ZB IS AVAILABLE. THE FORMAT OF THE
COMMAND IS AS FOLLOWS:

LSP-TBBB LL SS<RET>

WHERE: TBBB = START TRACK/BLOCK # OF
"THE FILE TO EXTRACT ,SP "
DATA FROM

"LL = NO. u- HCD-75 DATA BLOCKS
TO READ [RANGE: 1-28-

SS = SECOND NO. TO BEGIN
"EXTRACTING SP DATA FROM

* ALL PARAMETERS IN HEXADECIMAL

FOR EXAMPLE:

"> LSP 001F 2 i<RET>

i , .

I,

L -



N-I-MiSSION SET-UP COMMAND [MINI]

AVAILABLE ON:
"DAC
DSC

THE MINI-MISSION COMMAND ALLOWS THE OPERATOR TO CONFIGURE
"AN ABBREVIATED MISSION ON THE DAC AND DSC, USING ALL 20 HCD-75
TAPE DRIVES. A SINGLE PARAMETER IS REQUIRED WITH THIS COMMAND,
WHICH REPRESENTS THE NUMBER OF MSS FILES TO BE WRIT"EN ON EACH
TAPE. IN THIS WAY, THE OPERATOR CAN CONTROL THE DURATION OF A
'MINI-MISSION', KNOWING THAT EACH INCREMENT OF THE PARAMETER,
iN', REPRESENTS APPROXIMATELY 2.8 HOURS. THE EXACT'FORMULA FOR
CALCULATING THE TOTAL NUMBER OF SECONDS REQUIRED FOR A PARTICU-
LAR MINI-MISSION IS AS FOLLOWS:

TOTAL TIME (SEC.) = ( 9826 SEC. * N ) + 331. SEC.

THE FIRST FILE WRITTEN ON TD #1 WILL BE OF THE 9 BYTE FOR-
MAT, WITH ALL SUBSEQUENT FILES WRITTEN THROUGH TD #10 OF THE 485-.
BYTE FORMAT. THE 245 BYTE FORMAT IS USED IN ALL' FILES WRITTEN
ON TD'S' #11, *12, AND #13, WHLLE THE 165 BYTE FORMAT IS USED IN
THE FILES WRITTEN ON THE LAST 7 TAPE DRIVES, TD 14 THROUGH TD
#20.

THE MINI-MISSION COMMAND SHOULD ONLY BE USED IMMEDIATELY
AFTER A SYSTEM RESET, AND MUST BE ENTERED ON BOTH THE DSC & DAC -
SYSTEM CONSOLES. A MINIMUM OF 30 SECONDS SHOULD BE ALLOWED
AFTER RESETTING THE DSC BEFORE ENTERING THE 'MINI' COMMAND ON
THE DSC SYSTEM CONSOLE. AFTER THE COMMAND iLA.S BEEN ENTERED FOR
BOTH -SYSTEMS, THE 'GO' COMMAND CAN BE ENTERED ON THE DAC SYSTEM
CONSOLE, WHICH WILL INIITIATE THE TRANSMISSION OF DATA TO THE
DSC, FOR STORAGE.

***SPECIAL NOTE: TO USE THE 'MINI' COMMAND IN THE DAC,
WHILE RECORDING IN THE SHIPBOARD RECORDING SYSTEM MAY REQUIRE A
MODIFICATION AS TO WHERE. TO BEGIN RECORDING ON THE TAPE (I.E.,
AN ALTERNATE START TRACK/BLOCK' ADDRESS), IF RECORDING IS TO
BEGIN AT A START TRACK/,BLOCK ADDRESS OTHER THAN 0000H*---TO7 AC-
COMPLISH THIS MODIFY THE FOLLOWING MEMORY LOCATIONS IN THE SHIP-
BOARD RECORDING SYSTEM:

5176H <-,ALTERNATE STARFr TRACK/BLOCK ADDRESS ,(LO BYTE)
5177H <- ALTERNATE START TRACK/BLOCK ADDRESS (HI BYTE)

517BH <- ALTERNATE START TRACK/BLOCK ADDRESS (LO BYTE)
517CH <- ALTERNATE START TRACK/BLC..Z ADDRESS (HI BYTE)

THE FORMAT OF THE 'MINI' COMMAND IS AS FOLLOWS:

MINI N<RET' -

WHEREs N'- THE NO. OF MSS FILES TO

:7T



BE WRITTEN ON EACH TAPE

• *•ALL PARAMETERS IN DECIMJ.,

FOR EXAMPLI".

MINI 5<RET> ; SET-UP FOR MINI-MTSSION OF
13 HOURS, 44 MIN., 21 SEC.

A-. e



AVAILABLE ON:
DAC

THE MOSTEK COMMUNICATIONS COMMAND ALLOWS THE USER TO ESTAB-
LISH COMMUNICATIONS BETWEEN THE DAC AND THE MOSTEK SYSTEM TAHT
"EMULATES THE DSC FUNCTION OF RECORDING DATA. THIS IS NORMALLY
USED WHEN RECORDING THE 525 BYTE DATA FORMf.T. AS IS THE CASE
WHEN ON-BOARD SHIP PRIOR TO MSS DEPLOYMENT. THE DAC WILL COM-

- MUNICATE WITH THE MOSTEK THROUGH THE SECONDARY CPU COMMUNICA-
TIONS CHANNEL. ONLY ONE OF THE TWO CPU COMMUNICATIONS CHANNELS
CAN BE ACTIVE AT ANY GIVEN TIME. THIS COM14AND SHOULD ONLY BE
USED PRIOR TO THE INVOCATION OF THE DEPLOYMENT MODE (I.E., BE-
FORE THE 'GO' COMV.AND IS ENTERD BY THE USER ON THE DAC SYSTEM
CONSOLE). THE FORMAT OF THE COMMAND IS AS FOLLOWS:

MOS<RET>

I
l/

*j

.. .*****'a. . . . . .. .> .-. . .. . . . . . . . . . . . . . .
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.5S USER'S MANUAL PAGE 24
VE MEMORY COMMI-ND [M]

AVAILABLE ON:
DAC
DSC

- MOSTEK

"THE MOVE MEMORY COMMAND ALLOWS THE USER TO MOVE BLOCKS OF
MEMORY FROM ONE PART OF THE MEMORY SPACE TO ANY OTHER PART OF
MEMORY, 'PROVIDING THE DESTINATION ADDRESS IS WITHIN RAM.
CAUTION SHOULD BE EXERCISED WHEN MANIPULATING ANY PART OF A SYS-

. TEM'S SCRATCH RAM, SINCE THE MAJORITY OF SUCH RAM IN THE DAC &
DSC IS USED FOR SYSTEM CRITICAL PURPOSES. THE FORMAT OF THE
COMMAND IS AS FOLLOWS:

M ADDRI ADDR2 ADDR3<RET>

WHERE: ADDR1 = THE BEGINNING SOURCE
MEMORY ADDRESS

ADDR2 = THE ENDING SOURCE
MEMORY ADDRESS

ADDR3 = THE BEGINNING DESTINATION
MEMOPY ADDRESS

" ALL PARAMETERS IN HEXADECIMAL

FOR EXAMPLE:

P M 7000 7100 7EOO<RET> MOVE THE BLOCK OF MEMORY
BETWEEN THE ADDRESSES 7000H

.--- 7100H TO 7E00H
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!TPUT PORT DATA COMMAND [0)

.9 AVAILABLE ON:
DAC
DSC
MOSTEK
FFTSYS

THE OUTPUT PORT DATA COMMAND ALLOWS THE USER TO OUTPUT
SPECIFIC DATA THROUGH AN 8-BIT PORT, WHOSE ADDRESS THE USER ALSO
SPECIFIES. THE FORMAT OF THE COMMAND IS AS FOLLOWS:

0 PP DD<RET>

WHERE: PP = OUTPUT PORT ADDRESS
DD = DATA BYTE TO BE OUTPUT

-. ** ALL PARAMETERS IN HEXADECIMAL

FOR EXAMPLE:

0 50 20<RET>l OUTPUT A BYTE OF 20H TO
; PORT 50H

0 0 60 i<RET> TURN ON HA CAL.

'0-O 60 O<RET> 7 TURN OFF HA CAL.

> 0 20 3<RET> y TURN OFF

"> 0 20 7<RET> ; XTAL COOLER

-.
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E'T PLOT COMMAND EPLTT

AVAILABLE ON:
FFTSYS

THE FFT PLOT COMMAND ALLOWS THE USER TO PLOT ALL OR PART OF
THE FFT PREVIOUSLY COMPUTED BY THE FFT COMMAND. THE FFT PLOT
"COMMAND ASSUMES THAT THE FFT COMMAND HAS BEEN PREVIOUSLY EXECUT-
ED, AND WILL PLOT MEANINGLESS DATA IF THE OPERATOR HAS NOT HAD
THE SENSE TO PERFORM A FFT PRIOR TO REUQESTING A PLOT OF IT. IF
A PLOT OF THE ENTIRE FFT IS DESIRED, NO PARAMETERS ARE REQUIRED
IN THE COMMAND LINE. OTHERWISE, THE START AND END FFT BIN
NUMBERS MUST BE ENTERED. THE FORMAT OF THE FFT PLOT COMMAND IS
AS FOLLOWS:

PLT<RET> . PLOT ENTIRE FFT

OR

PLT SBIN EBIN<RET>

WHERE: SBIN = START FFT BIN NUMBER
[RANGE: 1 TO 10241

EBIN = END FFT BIN NUMBER
"[RANGE: 1 TO 1024, AND

EBIN >= SBIN)
* ALL PARAMETERS IN DECIMAL.

EXAMPLE:

PLT 1 256<RET> ; PLOT THE FFT FROM
SBIN'S 1 TO 256

Io

L



14QS USER'S MANUAL PAGE 27
'r-"WER-UP HCD-75 TAPE DRIVE COMMAND [PUP]

AVAILABLE ON:
DSC
MOSTEK

C. FFTSYS

THE POWER-UP HCD-75 TAPE DRIVE COMMAND ALLOWS THE USER TO
MANUALLY POWER-UP AND CONDITION A HCD-75 TAPE DRIVE THROUGH THE
"USE OF THE SYSTEM CONSOLE. NORMALLY, THE FUNCTION OF POWERING
UP A TAPE DRIVE IS UNDERTAKEN BY THE DSC APPLICATIONS PROGRAM,
WHEN IT IS ALMOST FOUR (4) HOURS INTO THE MISSION AND THE DBM IS
NEARLY FULL. THIS COMMAND MUST BE USED BEFORE ATTEMPTING TO USE

*• ANY TAPE DRIVE AFTER A SYSTEM RESET HAS BEEN EXECUTED. A CONDI-
TIONING DELAY OF APPROXIMATELY 4 1/2 MINUTES IS EXECUTED IN THE
'DSC' BEFORE THE TAPE DRIVE CAN BE ACCESSED FOR ANY PURPOSE. A
CONDITIONING DELAY OF 2 1/2 MINUTES, MAXIMUM, IS EXECUTED IN THE
'MOSTEK/SHIPBOARD', WHICH IS NECESSARY TO READ THE 'BAD BLOCK
TABLE' FROM THE BEGINNING OF THE TAPE. THE FORMAT OF THE COM-
MAND IS AS FOLLOWS:

PUP TD<RET>

WHERE: TD = THE LOGICAL HCD-75 TAPE DRIVE
"NO. [RANGE: 1-203

FOR EXAMPLE:

> PUP 1<RET> ; POWER-UP LOGICAL TAPE DRIVE #1

oa.
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V.AY TEST COMMAND [RLT]

AVAILABLE ON:
DSC

THE RELAY TEST COMMAND ALLOWS THE USER TO EXERCISE A HCD-75
. TAPE DRIVE RELAY 4 SPECIFIED NUMBER OF TIMES, POWERING IT ON,

AND THEN OFF FOR A PERIOD OF 2 SECONDS EACH. THE HCD-75 CON-
TROLLER/FORMATTER SELECTED WILL BE POWERED ON FOR, THE DURATION
"OF THE RELAY TEST, AND POWERED OFF WHEN IT IS COMPLETED. THE
FORMAT OF THE COMMAND IS AS FOLLOWS:

RLT CF TD N<RET>

WHERE:
CF = HCD-75 CONTROLLER/FORMATTER NO.

[RANGE: 1 OR 2)
"TD = HCD-75 LOGICAL TAPE DRIVE NO.

[RANGE: 1 -> 20)
N = NO. OF POWER UP/DOWN ITERATIONS TO

"PERFORM [RANGE: 1 -> 65335)

FOR EXAMPLE:

> RLT 1 19 20<RET> ; POWER UP/DOWN HCD-75 TD #19,
; THRU C/F #1, 20 TIMES
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FiAL-TIME D/A CONVERTER DISPLAY COMMAND [RTDJ

"". AVAILABLE ON:
MOSTEK

rd
THE REAL-TIME D/A CONVERTER DISPLAY COMMAND ALLOWS THE USER

TO ACTIVATE THE DISPLAY OF A USER SPECIFIED SP OR MP CHANNEL
"THROUGH THE D/A CONVERTER IN THE MOSTEK SHIPBOARD SYSTEM. THE
DATA OF THE CHANNEL SELECTED CAN BE MODIFIED, OR SHIFTED BY A

SSECOND, OPTIONAL PARAMETER SUPPLIED BY THE OPERATOR. NORMALLY,'
* THE MS 12 BITS (1 SIGN BIT & 11 DATA BITS) ARE OUTPUT TO THE 12

BIT D/A CONVERTER. HOWEVER, IF THE SECOND, OPTIONAL PARAMETER
IS SUPPLIED, IT IS USED AS A 'BIT SHIFT RIGHT' COUNTER, WHERE
EACH 24-BIT SAMPLE OF DATA IS SHIFTED RIGHT THE SPECIFIED NUMBER
"OF BITS. AFTER THE SHIFTING, THE RESULTANT 'LOWER' 12 BITS ARE
OUTPUT TO THE D/A CONVERTER WITH THE 12TH BIT AS THE SIGN BIT.
IF THE 'BIT SHIFT RIGHT' COUNT IS,)- 12, THEN THE SIGN BIT IS EX-
TENDED INTO THE UPPER DATA BITS OF THE 12-BIT VALUE OUTPUT TO
THE D/A CONVERTER. THE OUTPUT OF THE SP OR MP DATA IS DONE IN
REAL TIME (I.E., AT THE ACTUAL SAMPLE RATE: 40 HZ. OR 4-. HZ.),
AND IS DONE IN LIEU OF RECORDING THE DATA ON TAPE. THE FORMAT-.
OF THE COMMAND IS AS FOLLOWS:

RTD C S<RET,

WHERE: C = 'THE SP OR MP CHANNEL DESIGNATOR AS
: "FOLLOWS: 0 - SP-Z

1 = MP-Z
2 - MP-N
3 = MP-E
"4 - HYDRO-ACOUSTIC
5 = SP-ZB
6 = SP-N
7 - SP-E

= 'END', TERMINATE THE CURRENT
"- REAL-TIME D/A DISPLAY

"S - THE 'BIT SHIFT RIGHT' COUNT
:OPTIONAL3

***.ALL PARAMETERS IN HEXADECIMAL

FOR EXAMPLE:

> RTD 0 B<RET) , OUTPUT SP-Z DATA THROUGH THE D/A
-CONVERTER, SHIFTING 11 BITS RIGHT

, . , 1
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k-SPLAY STATE-OF-HEALTH CHANNELS [SOHI

AVAILABLE ON:

DAC

2

THE DISPLAY STATE-OF-HEALTH CHANNEL COMMAND ALLOWS THE UceR
-. TO EXAMINE INDIVIDUAL OR ALL DARS AND/OR BIP SOH CHANNELS ON THE

SYSTEM CONSOLE. EACH DARS SOH CHANNEL IS UPDATED WITHIN A PERI-
OD OF < 6 SECONDS, WHILE EACH PT SOH CHANNEL REQUIRES APPROXI-

" of MATELY 32 SECONDS, DEPENDENT UPON CURRENT BIP ACTIVITY. THE
FORMAT OF THE COMMAND IS AS FOLLOWS:

SOH N<RET>

WHERE: N = DARS SOH CHANNEL NO.
[RANGE: OOH - lFH]

- BIP SOH CHANNEL NO.
[RANGE: 20H - 3FH]
*NOTE: THE BIP SOH CHANNEL NO..

ENTERED MUST BE 20H GREATER
THAN THE ACTUAL CHANNEL

DESIRED.
ALL PARAMETERS IN HEXADECIMAL

SOH (RET>

- DISPLAY ENTIRE DARS & BIP SOH
CHANNEL BUFFER ON THE SYSTEM
CONSOLE.

FOR EXAMPLE:

> SOH 19<RET> ; DISPLAY THE LATEST HEX DATA FOR
. ;DARS SOH CHANNEL 19H

SOH CHANNEL NO. 19 - DATA - 009A

'r� > SOH 20(RET>. ; DISPLAY THE LATEST HEX DATA FOR

.- ; BIP SOH CHANNEL OOH
SOH CHANNEL NO. 20 - DATA - 0000

I. "

i i I
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Q`-MPUTE FFT STANDARD DEVIATION AND MEAN COMMAND [STD]

"* AVAILABLE ON:
"%' FFTSYS

0
THE COMPUTE FFT ST:.NDARD DEVIATION AND MEAN COMMAND ALLOWS

THE USER TO COMPUTE THE STANDARD DEVIATION AND MEAN OF ALL OR
PART OF THE FFT AS COMPUTED BY THE FFT COMMAND.IF NO PARAMETERS

'ARE ENTERED IN THE COMMAND LINE, ALL 1024 FFT BIN'S WILL BE USED
IN THE COMPUTATION OF THE FFT'S STANDARD DEVIATION AND MEAN.

. OTHERWISE, TWO PARAMETERS ARE REQUIRED, THE START AND END FFT
BIN NUMBERS. THE COMPUTE FFT STANDARD DEVIATION AND MEAN COM-
MAND ASSUMES THAT THE OPERATOR HAS PREVIOUSLY PERFORMED AN FFT,
USING THE FFT COMMAND. IF HOWEVER, THIS WAS NOT DONE, THEN THE

- OPERATOR WILL GET THE GARBAGE RESULTS DESERVED FOR SUCH A BONEH-
EAD MISTAKE. THE FORMAT OF THE COMMAND IS AS FOLLOWS:-

STD<RET> COMPUTE STANDARD DEVIATION
; AND MEAN FOR ENTIRE FFT

OR

STD SBIN EBIN<RET>

* WHERE: SBIN = START FFT BIN NUMBER
[RANGE: I TO 1024J

EBIN = END FFT BIN NUMBER
[RANGE: 1. TO 1024, AND

EBIN >- SBIN]J
ALL PARAMETERS IN DECIMAL

EXAMPLE:

STD 256 1024<RET> ; COMPUTE THE STANDARD
; DEVIATION AND MEAN FOR FFT

BIN NUMBERS 2.56 THRU 1024

L.

* .. * *, ..-.. * *~ ~ ~
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j7ST MEMORY COMMAND [T]

AVAILABLE ON:
DAC
DSC

* MOSTEK
FFTSYS

THE TEST MEMORY COMMAND ALLOWS THE USER TO TEST A SPECIFIED
RANGE OF MEMORY, FOR UP TO 256 PASSES ON EACH BYTE OF THE RANGE
OF MEMORY. ALL ERRORS ENCOUNTERED ARE REPORTED BY SPECIFYING
THE BAD MEMORY BYTE ADDRESS, FOLLOWED BY THE DATA WRITTEN, AND
THE DATA READ. THE MEMORY TEST OUTPUTS AN "*' ON THE SYSTEM
CONSOLE FOR EACH SUCCESSFUL PASS OF THE ENTIRE MEMORY RANGE.
THE TEST MAY BE STOPPED AT ANY TIME BY 'STRIKING' THE CESC> KEY.
THE FORMAT OF THE COMMAND IS AS FOLLOWS:

T BP ADDR1 ADDR2<RET>

WHERE: BP = BOARD/PAGE SELECT (USED ONLY
iT FOR TESTING OF DBM IN THE DSC)'

E= 00 FOR SCRATCH RAM OR MEMORY
IN THE MOSTEK/SHIPBOARD SYSTEM]

ADDRI = BEGINNING MEMORY TEST ADDRESS
ADDR2 • ENDING MEMORY TEST ADDRESS

FOR EXAMPLE:

> T 00 8000 EFFF<RET> 7 TEST MEMORY RANGE
8000 -> EFFF IN THE

SMOSTEK/SHIPBOARD SYSTEM

• NOTE: DAC SCRATCH MEMORY RANGE FOR
TESTING - 7940 -> 7EFF

DSC SCRATCH MEMORY RANGE FOR
• ** NOTE: DBM MEMORY RANGE FOR

TESTING - 8000H -> FFFFH
TESTING -. 7D80 - 7EFF

MOSTEK/SHIPBOARD MEMORY RANGE
"TESTING - 6000 -> EFFF',

II

•* ,
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11T REAL-TIME OF DAY [TIM]

AVAILABLE ON:
DAC

THE SET REAL-TIME OF DAY COMMAND ALLOWS THE USER TO INI-
TIALIZE/CHANGE THE CURRENT DAY & TIME WITHIN THE DAC SYSTEM,
FROM THE SYSTEM CONSOLE. THIS CAPABILITY IS ESPECIALLY USEFUL
WHEN SYNCHRONIZING THE DAC WITH WWV. THE JULIAN DAY & TIME OF
"DAY ARE CONSTANTLY D!SPLAYED IN THE UPPER RIGHT-HAND CORNER OF

" THE DAC SYSTEM CONSOLE. THE FORMAT OF THIS COMMAND IS AS FOL-
LOWS:

TIM DDD HH MM SS<RET>

WHERE: MMM - THE JULIAN DAY tRANGE: I - 255]
HH - HOURS [RANGE: 0 - 23]
MM - MINUTES [RANGE: 0 - 59]
SS - SECONDS [RANGE: 0 - 59]

-, FOR EXAMPLE:

> TIM 144 10 39 35<RET>

L.o



A CONVERTER DATA PLAYBACK [TXC]

AVAILABLE ON:
MOSTEK

THE D/A CONVERTER DATA PLAYBACK COMMAND ALLOWS THE USER TO
EXTRACT DATA FROM A PRE-RECORDED HCD-75 TAPE, AND PLAY IT BACK
THROUGH THE 12-BIT D/A CONVERTER. THIS COMMAND HAS THE SAME
'BIT-SHIFT RIGHT' CAPABILITIES AS THE REAL-TIME D/A CONVERTER
DISPLAY COMMAND DESCRIBED EARLIER IN THIS MANUAL. THE ONLY
DIFFERENCE BEING THE SOURCE OF THE DATA BEING DISPLAYED: THE
PLAYBACK COMMAND TAKES ITS DATA FROM TAPE, WHILE THE REAL-TIME

. D/A DISPLAY ACQUIRED & OUTPUTS DATA IN REAL-TIME. IF THE SP OR
MP CHANNEL SPECIFIED BY THE USER DOES NOT EXIST IN THE CURRENT
1-SECOND DATA BUFFER FORMAT ON THE TAPE IN USE, THEN Al APPRO-
PRIATE ERROR MESSAGE IS OUTPUT ON THE SYSTEM CONSOLE, AND FO D/A
CONVERTER DISPLAY IS GENERATED. THE DATA TO BE DISPLAYED IS AL-
WAYS TAKEN FROM THE CURRENTLY SELECTED TAPE DRIVE (I.E., THAT
TAPE DRIVE WHICH WAS LAST "PUP'ED"). THE FORMAT OF THE COMMAND
IS AS FOLLOWS:

TXCTBBB C S<RET>

- WHERE. TBBB = THE TRACK/BLOCK OF THE FILE FROM
WHICH DATA IS TO BE EXTRACTED

= 'END', TERMINATE THE CURRENT
EXECUTION OF THE D/A CONVERTER
PLAYBACK

C = THE SP OR MP CHANNEL DESIGNATOR
AS FOLLOWS:

0 =SP-Z
1 =MP-Z

2 = MP-N
3 MP-E
4 HYDRO-ACOUSTIC
5 = SP-ZB

"' 6=SP-N
"7 7 SP-E

S = THE 'BIT-SHIFT RIGHT' COUNT

"[OPTIONAL]

' ALL PARAMETERS IN HEXADECIMAL

FOR EXAMPLE:

> TXC 001F,5,B<RET> : OUTPUT SP-ZB DATA, THROUGH THE
"" D/A CONVERTER, SHIFTING ALL

SDATA 11 BITS TO THE RIGHT.



?'T DATA UPLOAD COMMAND LTXPJ

"AVAILABLE ON:
MOSTEK

THE FFT DATA UPLOAD COMMAND ALLOWS THE USER TO UPLOAD DATA
TO THE VAX 11/780, IN THE PRESCRIBED FORMAT (32-BIT SIGN EXTEND-
ED, REPEAT SAMPLE) FOR FFT ANALYSIS. (***NOTE: THIS COMMAND IS
NOT AVAILABLE IN THE SHIPBOARD RECORDING MODE). THZ FFT DATA

-. UPLOAD COMMAND MUST BE USED IN CONJUNCTION WITH THE UPLOAD UTIL-
* ITY ON THE VAX 11/780, NEVER BY ITSELF, SINCE THE UPLOAD OF DATA

TO THE VAX, WHEN NOT EXPECTED, CAN GENEPRATE NUMEPOUS ERRORS IN
THE VAX. THE USER MUST SELECT THE CHANNEL OF SP 'OR MP DATA, AND
THE NUMBER OF 1K (1024.) BYTE BLOCKS OF DATA TO BE UPLOADED. IF
THE SP OR MP CHANNEL DOES NOT EXIST WITHIN THE 1-SECOND DATA
BUFFER FORMAT IN USE ON THE TAPE, AN APPROPRIATE ERROR MESSAGE
IS OUTPUT TO THE USER ON THE SYSTEM CONSOLE, AND NO UPLOAD IS
PERFORMED. THE DATA TO BE UPLOADED IS ALWAYS TAKEN FROM THE
CURRENTLY SELECTED TAPE DRIVE (I.E., THAT TAPE DRIVE WHICH WAS
LAST "PUP'ED"). THE FORMAT OF THE COMMAND 'IS AS FOLLOWS:

TXP TBBB C N<RET>

WHERE: TBBB = THE START TRACK/BLOCK ADDRESS
OF THE FIRST MSS DATA FILE
ON. THE HCD-75. TAPE IN USE.

SC = THE SP OR MP CHANNEL DESIGNATOR
AS FOLLOWS:

0 - SP-Z
1 = MP-Z
2 - MP-N
3 v MP-E
4 ="HYDRO-ACOUSTIC
5 =,SP-ZB
6 = SP-N
7 - SP-E'

"N = THE NO. OF 1K BYTE BLOCKS OF
. DATA TO BE UPLOADED.

* ALL PARAMETERS IN HEXADECIMAL

FOR EXAMPLE:

> TXP 001F,4,4 • UPLOAD 4K BYTES OF HYDRO-
7 ACOUSTIC DATA FOR FFT ANALYSIS,

""°-.*
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AVAILABLE ON:
DSC
MOSTEKaFFTSYS

THE UNLOAD HCD-75 TAPE COMMAND ALLOWS THE USER TO REWIND
THE. TAPE IN THE 'SELECTED' HCD-75 TAPE DRIVE TO THE EOT
(END-OF-TAPE) POSITION, AND ENABLE THE 'UNLOAD LATCH' ON THE
FRONT OF THE DRIVE SO THE OPERATOR MAY UNLOAD THE TAPE. THE
COMMAND REQUIRES NO PARAMETERS IN THE DSC SINCE ONLY ONE HCD-75
TAPE DRIVE CAN BE 'POWERED-UP AND SELECTED' AT A TIME. WHEN
USING THE UNLOAD TAPE COMMAND IN THE MOSTEK/SHIPBOARD SYSTEM, A
"PARAMETER WHICH SPECIFIES EITHER TD #1 OR TD #2 IS REQUIRED. IN
THE MO.TEK/SHIPBOARD SYSTEM, THE USER MUST READY WHICHEVER TAPE
DRIVE IS NOT TO BE UNLOADED, BEFORE ATTEMPTING TO UNLOAD A TAPE
DRIVE. THE FORMAT OF THE COMMAND IS AS FOLLOWS:

UNL TD<RET>

"WHERE: TD = HCD-75 TAPE DRIVE NO.
"[RANGE: 1 OR 2]
(VALID FOR THE MOSTEK/SHIPBOARD

SYSTEM ONLY)

I* FOR EXAMPLE:

> UNL<RET> -. UNLOAD THE SELECTED HCD-75 TAPE

> UNL i<RET> ; UNLOAD TD #1 IN THE
; MOSTEK/SHIPBOARD SYSTEM

Io

. . * * *'.. . .* 5 * * * ¾.. * ....... * .
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3.0 HCD-75 ERROR STATUS CODES DESCRIPTION

ALL HCD-75 ERROR MESSAGES DISPLAYED ON THE SYSTEM CONSOLE-
WILL BE ACCOMPANIED BY AN 'ERROR STATUS CODE' WHICH HELPS TO
IDENTIFY WHAT FUNCTION, IN THE APPLICATIONS FIRMWARE, WAS BEING 1A
PERFORMED WHEN THE ERROR OCCURRED.

CODE DEFINITION

CP C/F POWER CYCLING .
DD HCD-75 DATA DUMPING IN REAL-TIME
FT HCD-75 FORMATTING TAPE'
PD HCD-75 POWER-DOWN
PU HCD-75 POWER-UP PHASE
RB READ BAD BLOCKS ON HCD-75 CARTRIDGE
RR READ RAM IN C/F (BAD BLOCK'TABLE) I
TP TAPE DRIVE POWER CYCLING
TS ABUORMAL TAPE DRIVE SWITCH
VT HCD-75 VERIFY TAPE
WB WRITE BAD BLOCKS ON HCD-75 CARTRIDGE
WR PEAD RAM IN C/F (BAD BLOCK TABLE) '" -"
** ABNORMAL STATUS WHEN READING TAPE .I_

"o- 4
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.... -.-. .**J ' *4 *:**** •.. - . . .

...-.-. *, .,. .~*t~



GOULD _ _ _ _ _ _ __ _

APPENDIX E

REPORT DISTRIBUTION



GOULD -__

Organization Technical

Director 3
Defense Advance Research Projects Agency

=- Attention: Program Management/MIS
1400 Wilson Boulevard
Arlington, VA 22209

Ocean Programs Mangement Office (Code 543) 15
Naval Ocean Research and Development Activity
National Space Technology Laboratories, MS 39529

Defense Documentation Center 12
Cameraon Station
Alexandria, VA 22314

..b.:

Im"



FILMED

3-85

D.TIC.''\*


